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OSTEOINDUCTIVE COMPOSITIONS 

The present invention relates to 
proteins having utility in the formation of bone 
and/or cartilage. m particular the invention 
relates to a number of families of purified 
proteins, termed BMP-5, BMP-6 and bmp-7 protein 
families (wherein BMP is Bone Morphogenic Protein) 
and processes for obtaining them. These proteins 
may exhibit the ability to induce cartilage and/or 
bone formation. They may be used to Induce bone 
and/or cartilage formation and in wound healing and 
tissue repair. 

The invention provides a family of BMP-5 
15 proteins. Purified human bmp-5 proteins are 
substantially free from other proteins with which 
they are co-produced, and characterized by an amino 
acid sequence coa^rising from amino acid #323 to 
amino acid #454 set forth in Table III. This amino 
acid sequence #323 to #454 is encoded by the DNA 
sequence comprising nucleotide #1665 to nucleotide 
#2060 of Table III. BMP-5 proteins may be further 
characterized by an apparent molecular weight of 
28,000-30,000 daltons as determined by sodium 
dodecyl sulfate polyacrylamide gel electrojdioresls 
(SDS-PAGE) . Under reducing conditions in SDS-PAGE 
the protein electrophoreses with a molecular weight 
of approximately 14,000 - 20,000 daltons. It is 
contemplated that these proteins are capable of 
30 stimulating, promoting, or otherwise inducing 
cartilage and/or bone formation. 

The invention fxirther provides bovine BMP-5 
proteins con^rising amino acid #9 to amino acid 
#140 set forth in Table I. The amino acid sequence 
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from #9 to #140 is encoded by the DNA sequence 
coaqprislng nucleotide #32 to #427 of Table I. 
These proteins may be further cheuracterized by an 
apparent molecular wei^t of 28,000 - 30,000 
5 daltons as determined by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) . 
Under reducing conditions in SDS-PAGE the protein 
electrophoreses with a molecular weight of 
approximately 14,000-20,000 deatons. it is 

10 conten^lated that these proteins are capable of 
inducing ceirtilage and/or bone formation. 

Human HHP-5 proteins of the invention may be 
produced by culturing a cell transformed with a DNA 
sequence containing the nucleotide sequence the 

15 same or substantially the same as the nucleotide 
sequence shown in Table III comprising nucleotide 
#699 to nucleotide #2060. BMP-5 proteins 
comprising the amino acid sequence the same or 
substantially the same as shown in Table III from 

20 amino acid # 323 to amino acid # 454 are recovered, 
isolated and purified from the culture medium. 

Bovine BMP-5 proteins may be produced by 
culturing a cell transformed with a DNA sequence 
containing the nucleotide sequence the same or 

25 substantially the same as that shown in Table I 
coaqprising nucleotide #8 through nucleotide #427 
and recovering and purifying from the culture 
medium a protein containing the amino acid sequence 
or a portion thereof as shown in Table I con^rising 

30 amino acid #9 to amino acid #140. 

The invention provides a family of BMP-6 
proteins. Purified human BMP-6 proteins, 
substantially free from other proteins with which 
they are co-produced and are characterized by an 

35 amino acid sequence comprising acid #382 to amino 
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acid #513 set forth in Table IV. The amino acid 
sequence from amino acid #382 to #513 is encoded by 
the DNA sequence of Table IV from nucleotide #1303 
to nucleotide #1698. These proteins may be further 
5 characterized by an apparent molecular weight of 
28,000-30,000 daltons as determined by sodium 
dodecyl sulfate polyacrylaaide gel electrophoresis 
(SDS-PAGE). Under reducing conditions in SDS-PAGE 
the protein electrophoreses with a molecular weight 
10 of approximately 14,000 - 20,000 daltons. It is 
contemplated that these proteins are capable of 
stimulating promoting, or otherwise inducing 
cartilage and/ or bone formation. 

The invention further provides bovine bmp-6 
15 proteins characterized by the amino acid sequence 
conqprising amino acid #121 to amino acid #222 set 
forth in Table II. The amino acid sequence from 
#121 to #222 is encoded by the DNA sequence of 
Table II from nucleotide #361 to #666 of Table li. 
20 These proteins may be further characterized by an 
apparent molecular weight of 28,000 - 30,000 
daltons as determined by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) . 
Under reducing conditions in SDS-PAGE the protein 
25 electrophoreses with a molecular weight of 
approximately 14,000-20,000 daltons. it is 
contemplated that these proteins are capable of 
inducing cartilage and/or bone formation. 

Human BMP-6 proteins of the invention are 
produced by culturing a cell transformed with a DNA 
sequence comprising nucleotide #160 to nucleotide 
#1698 as shown in Table III or a substantially 
similar sequence. BMP-6 proteins con5)rising amino 
acid #382 to amino acid #513 or a substantially 
35 similar sequence are recovered. Isolated and 
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purified from the culture medium. 

Bovine BHP-6 proteins may be produced by 
culturing a cell transformed with a DNA comprising 
nucleotide #361 through nucleotide #666 as set 
forth in Table II or a substantially similar 
sequence and recovering and purifying from the 
culture medium a protein comprising amino acid #121 
to amino acid #222 as set forth in Table II. 

The invention provides a family of BMP-7 
proteins. Which includes purified human BMP-7 
proteins, substantially free from other proteins 
with which they are co-produced. Human BMP-7 
proteins are characterized by an amino acid 
sequence comprising amino acid #300 to amino acid 
#431 set forth in Table V. This amino acid 
sequence #300 to #431 is encoded by the DNA 
sequence of Table V from nucleotide #994 to #1389. 
BMP-7 proteins may be further characterized by an 
apparent molecular weight of 28,000*30,000 daltons 
as determined by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE) . 
Under reducing conditions in SDS-PAGE the protein 
electrophoreses with a molecular weight of 
approacimately 14,000 - 20,000 daltons. it is 
contemplated that these proteins are capable of 
stimulating, promoting, or otherwise inducing 
cartilage sutid/or bone formation. 

Human BHP-7 proteins of the invention may be 
produced by culturing a cell transformed with a DNA 
sequence containing the nucleotide sequence the 
same or substantially the same as the nucleotide 
sequence shown in Table V comprising nucleotide # 
97 to nucleotide #1389. BMP-7 proteins comprising 
the amino acid sequence the same or substantially 
the same as shown in Table V from amino acid #300 



to amino acid #431 are recovered, isolated and 
purified from the culture medium. 

The invention further provides a method 
wherein the proteins described above are utilized 
for obtaining related human protein/s or other 
mammalian cartilage and/or bone formation 
protein/s. Such methods are known to those skilled 
in the art of genetic engineering. One method for 
obtaining such proteins involves utilizing the 
human BMP-5, BMP-6 and BMP-7 coding sequences or 
portions thereof to design probes for screening 
human genomic and/or cDNA libraries to isolate 
human genomic and/or cDNA sequences. Additional 
methods within the art may employ the bovine and 
human BMP proteins of the invention to obtain other 
mammalian BMP cartilage and/or bone formation 
proteins. 

Having identified the nucleotide sequences, 
the proteins are produced by culturing a cell 
transformed with the nucleotide sequence. !Ehis 
sequence or portions thereof hybridizes under 
stringent conditions to the nucleotide sequence of 
either BMP-5, BMP-6 or BMP-7 proteins and encodes 
a protein exhibiting cartilage and/or bone 
formation activity. The ea^ressed protein is 
recovered and purified from the culture medium. 
The purified BMP proteins are substantially free 
from other proteinaceous materials with which they 
are co-produced, as well as from other 
contaminants. 

BMP-5, BMP-6 and BMP-7 proteins may be 
characterized by the ability to promote, stimulate 
or otherwise induce the formation of cartilage 
and/or bone formation. It is further contemplated 
that the ability of these proteins to induce the 



forma'tlon of cartilage and/or bone may be exhibited 
by the ability to demonstrate cartilage and/or bone 
formation activity In the rat bone formation assay 
described below. It Is further contemplated that 
the proteins of the Invention demonstrate . activity 
In this rat bone formation assay at a 
concentration of lOfxg - 500Mg/gram of bone formed. 
More particularly, it is contemplated these 
proteins may be chsuracterized by the ability of iptg 
of the protein to score at least +2 In the rat bone 
formation assay described below using either the 
original or modified scoring method. 

Jlnother aspect of the Invention provides 
pharmaceutical compositions containing a 
therapeutically effective amount of a BMP-5, BMP-6 
or BMP-7 protein in a pharmaceutically acceptable 
vehicle or csunrier. Further compositions comprise 
at least one BMP-5, BMP-6 or BMP-7 protein. It is 
therefore contemplated that the conipositions may 
contain more than one of the BMP proteins of the 
present Invention as BMP-5, BMP-6 .and BMP-7 
proteins may act in concert with or perhaps 
synergist ically with one another. The con^osltlons 
of the Invention are used to induce bone and/or 
cartilage formation. These cos^osltions may also 
be used for wound healing and tissue repair. 

Further coa^sitions of the Invention may 
Include In addition to a BMP-5, BMP-6 . or BMP-7 
protein of the present Invention at least one other 
therapeutically useful agent such as the proteins 
designated BMP-1, BMP-2 (also having been 
designated in the past as BMP-2A, BMP-2 Class I) , 
BMP-3 and BMP-4 (also having been designated in the 
past SLB BMF-2B and BHP-2 Class II) disclosed in co- 
owned International Publication W088/00205 



published 14 January 1988 and International 
Publication W089/10409 published 2 November 1989. 
Other therapeutically useful agents include growth 
factors such- as epidermal growth factor (EGF) , 
fibroblast growth factor (FGF) , transforming growth 
factors (TGF-tt and TGP-;?) , and platelet derived 
growth factor (PDGP) . 

The compositions of the invention may also 
include an appropriate matrix, for instance, for 
delivery and/or support of the composition and/or 
providing a surface for bone and/or cartilage 
formation. The matrix may proide solw release of 
the BMP protein and/or the appropriate environment 
for presentation of the BMP protein of the 
invention. 

The compositions of the invention may be 
employed in methods for treating a nuaiber of bone 
and/or cartilage defects, and periodontal disease. 
They may also be employed in methods for treating 
various types of wounds and in tissue repair. 
These methods, according to the invention, entail 
administering a composition of the invention to a 
patient needing such bone and/or cartilage 
formation, wound healing or tissue repair. The 
method therefore involves administration of a 
therapeutically effective amount of a protein of 
the invention. These methods may also entail the 
administration of a protein of the invention in 
conjunction with at least one of the "BMP" proteins 
disclosed in the co-owned applications described 
above, m addition, these methods may also include 
the administration of a protein of the invention 
with other growth factors including EGF, FGF, T6F- 
o, TGF-/9, and PDGF. 

Still a further aspect of the invention are 
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DNA sequences coding for expression of a protein of 
the invention. Such sequences include the sequence 
of nucleotides in a 5« to 3» direction illustrated 
in TeOdles I - V or DNA sequences which hybridize 
under stringent conditions with the DNA sequences 
of Tables I - V and encode a protein demonstrating 
ability to induce cartilage and/or bone formation. 
Such cartilage and/or bone formation may be 
demonstrated in the rat bone formation assay 
described below. It is contemplated that these 
proteins may demonstrate activity in this assay at 
a concentration of 10 fig * 500 pg/gram of bone 
formed. More particularly, it is contemplated that 
these proteins demonstrate the ability of 1/ig of 
the protein to score at least +2 in the rat bone 
formation assay. Finally, allelic or other 
variations of the sequences of TsUbles I - V whether 
such nucleotide changes result in chemges in the 
peptide sequence or not, are also included in the 
present invention. 

A further aspect of the invention provides 
vectors containing a DNA sequence as described 
above in operative association with an expression 
control sequence therefor. These vectors may be 
en^loyed in a novel process for producing a protein 
of the invention in which a cell line transformed 
with a DNA sequence directing expression of a 
protein of the invention in operative association 
with an expression control sequence therefor, is 
cultured in a suitable culture medium and a protein 
of the invention is recovered and purified 
therefrom. This claimed process may employ a 
number of known cells, both prokaryotic and 
euJcaryotic, as host cells for expression of the 
polypeptide. The revovered BMP proteins are 
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purified by isolating them from other proteinaceous 
materials with which they are co-produced as well 
as from other contaminsmts . 

Other aspects and advantages of the present 
invention will be apparent upon consideration of 
the following detailed description and preferred 
embodiments thereof. 

PQt^iled Description of the Tmr^^ ^-^o y, 

Purified human BMP-5 proteins may be produced 
by culturing a host cell transformed with the DNA 
sequence of Table III. The expressed BMP-5 
proteins are isolated and purified from the culture 
medium. Purified human BMP-5 proteins are expected 
to be characterized an amino acid sequence 
comprising amino acid #323 to #454 as shown in 
Table III. Purified BMP-5 human cartilage/bone 
proteins of the present invention are therefore 
produced by culturing a host cell transformed with 
a DNA sequence comprising nucleotide #699 to 
nucleotide #2 060 as shown in Table in or 
substantially homologous sequences operatively 
linked to a heterologous regulatory control 
sequence and recovering and purifying from the 
culture medium a protein comprising the amino acid 
sequence as shown in Table III from amino acid 
#323 to amino acid #454 or a substantially 
homologous sequence. 

In further embodiments the DNA sequence 
comprises the nucleotides encoding amino acids #323- 
#454. BMP-5 proteins may therefore be produced by 
culturing a host cell transformed with a DNA 
sequence comprising nucleotide #1665 to nucleotide 
#2060 as shown in Table in or substantially 
homologous sequences operatively linked to a 
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heterologous regulatory control sequence and 
recovering and purifying from the culture medium a 
protein comprising amino acid #323 to amino acid 
#454 as shown in Table III or a substantially 
homologous sequence » The purified human BMP- 5 
proteins are substantially free from other 
proteinaceous materials with which they are co- 
produced, as well as from other contaminants. 

Purified BMP-5 bovine cartilage/bone proteins 
of the present invention are produced by culturing 
a host cell transformed with a DNA sequence 
coaqprising the DNA sequence as shown in Table I 
from nucleotide # 8 to nucleotide # 578 or 
substantially homologous sequences and recovering 
and purifying from the culture medium a protein 
comprising the amino acid sequence as shown in 
Table 1 from amino acid # 9 to amino acid # 140 or 
a substantially homologous sequence. The purified 
BMP-5 bovine proteins as well as all of the BHP 
proteins of the invention, are substantially free 
from other proteinaceous materials with which they 
are co-produced, as well as from other 
contamineuits . 

Purified human BMP-6 proteins may be produced 
by culturing a host cell transformed with the DNA 
sequence of Table IV. The expressed proteins are 
isolated and purified from the culuttire medium. 
Purified human BMP-6 proteins of the invention are 
expected to be cheuracterized by an* amino acid 
sequence comprising amino acid #382 to #513 as set 
forth in Table IV. These purified BMP-6 human 
cartilage/bone proteins of the present invention 
are therefore produced by culturing a host cell 
transformed with a DNA sequence comprising 
nucleotide #160 to nucleotide #1698 as set forth 
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in Table IV or substantially homologous sequence 
operatively linked to a heterologous regulatory 
control sequence and recovering, isolating and 
purifying from the culture medium a protein 
comprising amino acid #382 to amino acid #513 as 
set forth in Table IV or a substantially homologous 
sequence. 

Further embodiments may utilize the DMA 
sequence comrising the nucleotides encoding amino 
acids #382 - #513. Purified human BMP-e proteins 
may therefore be produced by culturing a host cell 
transformed with the DMA sequence comprising 
nucleotide #1303 to #1698 as set forth in Table iv 
or substantially homologous sequences operatively 
linked to a heterologous regulatory control 
sequence and recovering and purifying from the 
culture medium a protein comprising amino acid #382 
to #513 as set forth in Table IV or a substantially 
homologous sequence. The purified human BMP-6 

proteins are substantially free from other 
proteinaceous materials with which they are co- 
produced, as well as from other contaminants. 

Purified BMP-6 bovine cartilage/bone protein 
of the present invention are produced by culturing 
a host cell transformed with a UNA sequence 
cozi^rising nucleotide #361 to nucleotide #666 as 
set forth in Table II or substantially homologous 
sequences and recovering from the culture medium a 
protein con^rising amino acid #121 to amino acid 
#222 as set forth in Table II or a substantially 
homologous sequence. In anotiier embodiment the 
bovine protein is produced by culturing a host cell 
transformed with a sequence coa5)rising nucleotide 
#289 to #666 of Table II and rcovering and 
purifying a protein comprising amino acid #97 to 
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amino acid #222. The purified BMP-6 bovine 
proteins are substantially free from other 
proteinaceous materials with which they are co- 
produced, as well as from other contaminants. 

Purified human BMP-7 proteins may. be produced 
by ctilturing a host cell transformed with the DMA 
sequence of Table V. The expressed proteins are 
isolated and purified from the culture medium. 
Purified hximan BMP-7 proteins are expected to be 
characterized by an amino acid sequence comprising 
amino acid «300-*«431 as shown in Table V. These 
purified BHP-7 human cartilage/bone proteins of the 
present invention are therefore produced by 
culturing a host cell transformed with a DNA 
sequence comprising nucleotide #97 to nucleotide 
#1389 as shown in Table V or substantially 
homologous sequences operatively linked " to a 
heterologous regulatory control sequence and 
recovering, isolating and purifying from the 
culture medium a protein comprising the amino acid 
sequence as shown in Table V from amino acid #300 
to amino acid #431 or a substantially homologous 
sequence. 

Further emodiments may utilize the DNA 
sequence cosrprising the nucleotides encoding amino 
acids #300 - #431. Purified BMP-7 proteins may be 
produced by culturing a host cell transformed with 
a DKA camprising the DMA sequence as shown in Table 
V from nucleotide #994 - #1389 or substantially 
homologous sequences operatively linked to a 
heterologous regualtory control sequence and 
recovering, and purifying from the culture medium a 
protedLn comprising the amino acid sequence as shown 
in Table V from amino acid #300 to amino acid #431 
or a substantietlly homologous sequence. The 
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purified human BMP-7 protains are substantially 
free from other proteinaceous materials from which 
they are co-produced, as well as from other 
contaminants. 

HMP-5, BMP-6 and BMP-? proteins may be further 
Characterized by the ability to demonstrate 
cartilage and/or bone formation activity. This 
activity may be demonstrated, for example, in the 
rat bone formation assay as described in Example 
III. It is further conteaplated that these 
proteins demonstrate activity in the assay at a 
concentration of 10 - 500 Ig/gram of bone 

formed. The proteins may be further characterized 
by the ability of l;,g to score at least +2 in this 
assay using either the original or modified scoring 
method descii^ed further herein below. 

BMP-S, BMP-6 and BMP-7 proteins may be further 
characterized by an apparent molecular weight of 
28,000-30,000 daltons as determined by sodium 
dodecyl sulfate polyacrylamlde gel electrophoresis 
(SDS-PAGE). Under reducing conditions in SDS-PA6E 
the protein electrophoresis with a molecular weight 
of approximately 14,000-20,000 daltons. 

Otoe proteins provided herein also include 
factors encoded by the sequences similar to those 
of Tables I - V but into which modifications are 
naturally provided (e.g. allelic variations in the 
nucleotide sequence vrtiich may result in amino acid 
changes in the polypeptide) or deliberately 
engineered. Similarly, synthetic polypeptides 
wblCh wholly or partially duplicate continuous 
sequences of the amino acid residues of Tables i- 
V are encompassed by the invention. These 
sequences, by virtue of sharing primary, secondary, 
or tertiary structural and conformational 
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characteristics with other cartilage/bone proteins 
of the invention may possess bone and/or cartilage 
growth factor biological properties in conunon 
therewith. Thus, they may be employed as 
biologically active substitutes for naturally- 
occurring proteins in therapeutic processes. 

Other specific mutations of the sequences of 
the proteins of the invention described herein 
involve modifications of a glycosylation site. 
These modification may involve 0-linked or N-1 inked 
glycosylation sites. For instance, the absence of 
glycosylation or only psurtiea glycosylation results 
from amino acid substitution or deletion at the 
asparagine^l inked glycosylation recognition sites 
present in the sequences of the proteins of the 
invention, as shown in Table I - v. The 
asparagine-linked glycosylation recognition sites 
comprise tripeptide sequences which are 
specifically recognized by appropriate cellular 
glycosylation enzymes. These tripeptide sequences 
are either asparagine-X-threonine or asparagine-X- 
serine, where X is usually any amino acid. A 
veuriety of amino acid substitutions or deletions at 
one or both of the first or third amino acid 
positions of a glycosylation recognition site 
(an4/or amino acid deletion at the second position) 
results in non--glycosylation at the modified 
tripeptide sequence. Escpression of such altered 
nucleotide sequences produces variants v^ch are 
not glycosylated at that site. 

The present invention also encompasses the 
novel DNA sequences, free of association with DNA 
sequences encoding other proteinaceous materials, 
and coding on eacpression for the proteins of the 
invention. These DNA sequences include those 
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depicted in Tables I - V in a 5' to 3- direction. 
Further included are those sequences which 
hybridize under stringent hybridization conditions 
[see, T. Maniatis et al. Molecular- cionlnrr " f f^ 
laboratory Manual), Cold Spring Harbor Laboratory 
(1982), pages 387 to 389] to the UNA sequence of 
Tables I - V and demonBtrate cartilage and/or bone 
fornation activity in the rat bone formation assay. 
An example of one snch stringent hybridization 
condition is hybridization att6- 4 x SSC at 6S«»C, 
followed by a washing in 0.1 x SCC at 6S0c for an 
hour. Alternatively, an exeii«>lary stringent 
hj^ridization condition is in 50% formaiiiide, 
4 X SCC at 42*'C. 

Similarly, dka sequences which encode proteins 
similar to the protein encoded by the sequences of 
Tables 1 - V, but whicih differ in codon sequence 
due to the degeneracies of the genetic code or 
allelic variations (naturally-occurring base 
changes in the species population which may or may 
not result in an amino acid change) also encode the 
proteins of the invention described herein. 
Variations in the oka sequences of Tables I - v 
Which are caused by point mutations or by induced 
modifications (including insertion, deletion, and 
substitution) to enhance the activity, half-life or 
production of the polypeptides encoded thereby are 
also enooB^wssed in the invention. 

in a further aspect, the invention provides a 
method for obtaining related human proteins or 
other mammalian BMP-5, BMP-6 and BMP-7 proteins. 
One method for obtaining such proteins entails, for 
instance, utilizing the human BilP-5, BMP-6 and BMP- 
7 coding sequence disclosed herein to probe a 
human genomic library using standard techniques for 
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the human gene or fragments thereof. Sequences 
thus identified may also be used as probes to 
identify a human cell line or tissue which 
synthesizes the analogoixs cairtilage/bone protein. 
A cDNA library is synthesized and screened with 
probes derived from the human or bovine coding 
sequences. The human sequence thus identified is 
transformed into a host cell, the host cell is 
cultured and the protein recovered, isolated and 
purified from the culture medium. The purified 
protein is predicted to exhibit cartilage and/or 
bone formation activity in the rat bone formation 
assay of Example III. 

Another aspect of the present invention 
provides a novel method for producing the BMP-5, 
BMP-6 and BMP-7 proteins of the invention. The 
method of the present invention involves culturing 
a suitable cell or cell line, which has been 
transformed with a DNA sequence as described above 
coding for expression of a protein of the 
invention, under the control of known regulatory 
sequences. Regulatory sequences include promoter 
fragments, terminator fragments and other suitable 
sequences which direct the expression of the 
protein in an appropriate host cell. Methods for 
culturing suitable cell lines are within the skill 
of the art. The transformed cells are cultured and 
the BMP proteins expressed thereby eure recovered, 
isolated and purified from the culture medium 
using purification techniques known to those 
skilled in the art. The purified BMP proteins are 
substantially free from other proteinaceous 
materials with which they are co-produced, as well 
as other contaminants. Purified BMP proteins of 
the invention are substantially free from 
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materials with which the proteins of the invention 
exist in nature. 

Suitable cells or cell lines may be mammalian 
cells, such as Chinese hamster ovary cells (CHO) . 
The selection of suitable mammalian host cells and 
methods for transformation, culture, amplification, 
screening and product production and purification 
are toown in the art. See, e.g., Gething and 
Sambrook, HaSaiEg., 2£3.:620-625 (1981), or 
alternatively, Kaufman et al, Mol. GP,n . ^Ar^^ , 
5(7)11750-1759 (1985) or Howley et al, U.S. Patent 
4,419,446. Other suitable mammalian cell lines 
include but are not limited to the monkey COS-1 
cell line and the CV-1 cell line. 

Bacterial cells may also be suitable hosts. 
For example, the various strains of E. coli (e.g., 
HBloi, MC1061) are well-known as host cells in the 
field of biotechnology. Variotis strains of 
B. gubtilis, Pseudomon^s., other bacilli and the 
like may also be employed in this method. 

Hany strains of yeast cells known to those 
skilled in the art may also be available as host 
cells for expression of the polypeptides of the 
present invention. Additionally, ^ere desired, 
insect cells may be utilized as host cells in the 
method of the present invention. See, e.g. Miller 
®^ ge^^etic gnqineeying, 8:277-298 (Plenum Press 
1986) and references cited therein. 

Another aspect of the present invention 
provides vectors for use in the method of 
expression of the proteins of the invention. The 
vectors contain the novel UNA sequences which code 
for the BMP-5, BMP-6 and BMP-7 proteins of the 
invention. Additionally, the vectors also contain 
appropriate eacpression control sequences permitting 
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expression of the protein sequences. 
Alternatively, vectors incorporating truncated or 
modified sequences as described above are also 
enbodisients of the present invention and useful in 
the production of the proteins of the invention. 
The vectors nay be ea^loyed in the method of 
trzmsforming cell lines and contsdLn selected 
regulatory sequences in operative association with 
the DNA coding sequences of the invention which are 
capable of directing the replication and 
eacpression thereof in selected host cells. Useful 
regulatory sequences for such vectors are known to 
those skilled in the airt and may be selected 
depending upon the selected host cells. Such 
selection is routine and does not form part of the 
present invention. Host cells transformed with 
such vectors and progeny thereof for use in 
producing HMP-5, BMP-6 and BMP-7 proteins are also 
provided by the invention. 

One skilled in the art can construct mammeaian 
expression vectors by en^loying the X3ENA sequences 
of the invention and known vectors, such as pCD 
[Okayama et al., Mol, Cell Biol. , 2:161-170 (1982)] 
and pJL3, pJL4 [Gough et al,, EMBO J^, 4:645-653 
(1985)]. Similarly, one s3cilled in the art coxad 
manipulate the sequences of the invention by 
eliminating or replacing the mammalian regulatory 
sequences flanking the coding secpience with 
bacterial sequences to create bacteriea vectors for 
intracellular or extracellular expression by 
bacterial cells. For exeuaple, the coding 
sequences could be further manipulated (e.g. 
ligated to other known linkers or modified by 
deleting non-coding sequences there-from or 
altering nucleotides therein by other known 
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techniques). The modified coding sequence could 
then be inserted into a known bacterial vector 
using procedures such as described in T. Taniguchi 
®^ Proc. Natl Acad, fini . ng^, 77:5230-5233 

(1980) . This exemplary bacterial vector could then 
be transformed into bacterial host cells and a 
protein of the invention ea^ressed thereby. For a 
strategy for producing extracellular expression of 
a cartilage and/or bone protein of the invention in 
bacterial cells., see, e.g. European patent 
application EPA 177,343. 

Similar manipulations can be performed for the 
construction of an insect vector [See, e.g. 
procedures described in published European patent 
application 155,476] for expression in insect 
cells. A yeast vector could also be constructed 
employing yeast regulatory sequences for 
intracellular or extracellular eacpression. of the 
factors of the present invention by yeast cells. 
[See, e.g., procedures described in published POT 
application WO86/00639 and European patent 
application EPA 123,289]. 

A method for producing high levels of a 
protein of the invention from mammalian cells 
involves the construction of cells containing 
multiple copies of the heterologous gene encoding 
proteins of the invention. The heterologous gene 
may be linked to an amplifiable marker, e.g. the 
dihydrofolate reductase (DHFR) gene for^ which cells 
containing increased gene copies can be selected 
for propagation in increasing concentrations of 
methotrexate (MTX) according to the procedures of 
Kaufman and Sharp, J. Moi . „ , 159:601-629 

(1982). This approach can be employed with a 
number of different cell types. 



wo 90/11366 



20 



PCr/US90/01630 



For instance, a plasmid containing a DNA 
sequence for a protein of the invention in 
operative association with other plasmid secpiences 
enabling expression thereof and the DHFR 
5 eacpression plasmid pAdA26SV(A)3 [Kaufman and Sharp, 
Mol, Cell, Biol,. 2:1304 (1982)] may be co- 
introduced into DHFR-deficient CHO cells, DUKX-BII, 
by calcium phosphate coprecipitation and 
transfection, electroperation or protoplast fusion. 

10 DHFR eacpressing transformants are selected for 
growth in alpha media with dialyzed fetal calf 
serum, and subsequently selected for amplification 
by growth in increasing concentrations of mx 
(sequential steps in 0.02, 0.2, 1.0 and SUM MTX) as 

15 described in Kaufman et al. , Mol Cell Biel- r 5:1750 
(1983) . Protein expression should increase with 
increasing levels of MTX resistance. 

Transformants are cloned, and the proteins of 
the invention are recovered, isolated, and purified 

20 from the culture medium. Chsuracterization of 
expressed proteins may be ceunried out using 
stnadard techniques. For instance, 

characterization may include pulse labeling with 
[35®] methionine or cysteine, or polyacrylamide gel 

25 electrphoresis. Biologically active protein 
expression is monitored by the Rosen-modified 
Sampath - Reddi rat bone formation assay described 
above in Exanrple III. Similar procedures can be 
followed to produce other related proteins. 

30 A protein of the present invention, which 

induces cartilage and/or bone formation in 
circumstances where bone and/or cartilage is not 
normally formed, has application in the healing of 
bone fractures and cartilage defects in humans and 

35 other animals. A preparation employing a protein 
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of the invention may have prophylactic use in 
closed as well as open fracture reduction ami also 
in the improved fixation of artificial joints. De 
novo bone formation induced by an osteogenic agent 
5 contributes to the repair of congenital, trauma 
induced, or oncologic resection induced 
craniofacial defects, and also is useful in 
cosmetic plastic surgery. A protein of the 
invention may be used in the treatment of 

10 periodontal disease, and in other tooth repair 
processes. Such agents may provide an environment 
to attract bone- forming cells, stimulate growth of 
bone-forming cells or induce differentiation of 
progenitors of bone-foinaing cells. A variety of 

15 osteogenic, cartilage-inducing and bone inducing 
factors have been described. See, e.g. European 
Patent Applications 148,155 and 169,016 for 
discussions thereof. 

The proteins of the invention may also be VLseA 

20 in wound healing and related tissue repair. The 
types of wounds include, but are not limited to 
bums, incisions and ulcers. See, e.g. PCT 
Publication WO84/01106 for discussion of wound 
healing and related tissue repair. 

25 A further aspect of the invention includes 

therapeutic methods and composition for repairing 
fractures and other conditions related to bone 
and/or cartilage defects or periodontal diseases. 
In addition, the invention comprises therapeutic 

30 methods and compositions for wound healing and 
tissue repair. Sudh compositions comprise a 
therapeuticcd.ly effective amount of at least one of 
the BMP proteins BHP-5, 

BMP-6 and BHP-7 of the invention in admixture with 
35 a pharmaceutically acceptable vehicle, carrier or 
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matrix. 

It is ea^ected that the proteins of the 
invention may act in concert with or perhaps 
synergistically with one another or with other 
related proteins and growth factors. Therapeutic 
methods and compositions of the invention 
therefore comprise one or more of the proteins of 
the present invention. Further therapeutic methods 
and compositions of the invention therefore 
comprise a therapeutic amount of at least one 
protein of the invention with a therapeutic amount 
of at least one of the other "BMP" proteins BMP-1, 
BMP-2, BMP-3 and BMP-4 disclosed in co-owned 
Published International Applications W088/00205 and 
W089/10409 as mentioned above. such methods and 
compositions of the invention may comprise 
proteins of the invention or portions thereof in 
coBibination with the above-mentioned "•BMP" proteins 
or portions thereof. 

Such combination may comprise individual 
separate molecules of the proteins or 
heteromolecules such as heterodimers formed by 
portions of the respective proteins. For example, 
a method and composition of the invention may 
ccffl5)rise a BMP protein of the present invention or 
a portion thereof linlced with a portion of another 
"BMP" protein to form a heteromolecule. 

Further therapeutic methods and con^ositions 
of the invention comprise the proteins of the 
invention or portions thereof in combination with 
other agents beneficial to the treatment of the 
bone and/or cartilage defect, wound, or tissue in 
question. These agents include various growth 
factors sucOi as epidermal growth factor (EGF) , 
fibroblast gi^owth factor (F6F) , platelet derived 
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grovth factor (PDGF) , transforming growth factors 
(TGF-a and K-fibroblast growth factor 

(kFGF) , parathyroid hormone (PTH) , leukemia 
inhibitory factor (LIF/HILDA, DIA) and insulin-like 
growth factor (IGF-I and IGF-II) , Portions of 
these agents may also be used in compositions of 
the invention. 

The preparation and formulation of such 
physiologically acceptable protein coa^ositions, 
having due regard to pH, isotonicity, stability and 
the like, is within the skill of the art. oihe 
therapeutic compositions are also presently 
valuable for veterinary applications due to the 
apparent lack of species specificity in cartilage 
and bone growth factor proteins. Domestic animals 
and thoroughbred horses in addition to humans are 
desired patients for such treatment with the 
proteins of the present invention. 

The therapeutic method includes administering 
the composition topically, systemically, or locally 
as an implant or device. When administered, the 
therapeutic composition for use in this invention 
is, of course, in a pyrogen-free, physiologically 
acceptable form. Further, the composition may 
desirably be encapsulated or Injected in a viscous 
form for delivery to the site of cartilage and/or 
bone or tissue damage. Topical administration may 
be suitable for wound healing and tissue repair. 

Preferably for bone and/or cartilage 
formation, the composition would include a matrix 
capable of delivering the BMP proteins of the 
invention to the site of bone and/or cartilage 
damage, providing a structure for the developing 
bone and cartilage and optimally capable of being 
resorbed into the body. The matrix may provide 
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slow release of the BMP proteins or other factors 
co2i^rising the composition. Such matrices may be 
formed of materials presently in use for other 
implanted medical applications. 
5 Xhe choice of matrix material is based on 

biocompatibility , biodegradabil ity , mechanical 
properties, cosmetic appearemce and interface 
properties. The peurticular application of the 
compositions of the invention will define the 

10 appropriate formulation. Potential matrices for 
the compositions may be biodegradable and 
chemically defined calcium sulfate, 
tr icalciumphosphate , hydroxyapatite , polylactic 
acid and polyanhydrides. Other potential 

15 materials are biodegradable and biologically well 
defined, such as bone or dermal collagen. Further 
matrices are comprised of pure proteins or 
eactracelliaar matrix components. other potential 
matrices are nonbiodegradable and chemically 

20 defined, such as sintered hydroxyapatite, 
bioglass, aluminates, or other ceramics. Matrices 
may be comprised of combinations of any of the 
above mentioned types of materiza, such as 
polylactic acid and hydroxyapatite or collagen and 

25 tricalciumphosphate. The bioceramics may be 
altered in composition, such as in ceacium- 
aluminate-phosphate and processing to alter pore 
size, particle size, particle shape, amd 
biodegradabili^. 

30 The dosage regimen will be determined by the 

attending physiciem considering varioxis factors 
which modify the action of the proteins of the 
dLnvention. Factors which may modify the action of 
the proteins of the invention include the amount of 

35 bone weight desired to be formed, the site of bone 
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damage, the condition of the damaged bone, the size 
of a wound, type of damaged tissue, the patient's 
age, sex, and diet, the severity of any infection, 
time of administration and other clinical factors. 
The dosage may vary with the type of matrix used in 
the reconstitution and the type or types of bone 
and/or cartilage proteins present in the 
composition. The addition of other laiown growth 
factors, such as EGP, PDGF, TGF-a, TGF-^, and IGF-I 
and IGF-II to the final conposition, may also 
effect the dosage. 

Progress can be monitored by periodic 
assessment of cartilage and/or bone growth and/or 
repair. The progress can be monitored, for 
example, using x-rays, histomorphometric 
determinations and tetracycline labeling. 

The following exai^ples illustrate practice of 
the present invention in recovering and 
characterizing bovine cartilage and/or bone 
proteins of the invention and en^loying these 
proteins to recover the corresponding human protein 
or proteins and in eacpressing the proteins via 
recoonbinant techniques. 

EXAMPLE Z 

Isolation of Bovine Gartj 1 a oe/Bone Tndnetjir«> 
Protein 

Ground bovine bone powder (20-120 mesh, 
Helitrex) is prepared according to the procedures 
of M. R. Urist et al., Proc. Natl Acad, sel Jifi ^^ 
70:3511 (1973) with elimination of some extraction 
steps as identified below. Ten kgs of the ground 
powder is demineralized in successive changes of 
0.6N 

HCl at 4iC over a 48 hour period with vigorous 
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stirring* The resulting suspension is extracted 
for 16 hours at 4¥C with 50 liters of 2H Caci2 and 
lOnM ethylenediamine-tetraacetic acid [EDK&], and 
followed by extraction for 4 hours in 50 liters of 
0.5H EDTA. The residue is washed three times with 
distilled water before its resuspension in 20 
liters of 4M guanidine hydrochloride [GuCl], 20inM 
Tris (pH 7.4), ImM N-ethylmaleimide, ImM 
iodoacetamide, ImM phenylmethylsulfonyl fluorine as 
described in Clin, Orthop. Rel, Res. ^ X71: 213 
(1982) , After 16 to 20 hours the supernatant is 
removed and replaced with another 10 liters of GuCl 
buffer. The residue is extracted for another 24 
hours. 

The crude GuCl extracts are combined, 
concentrated approximately 20 times on a Pellicon 
apparatus with a 10,000 molecular weight cut-off 
membrane, and than dialyzed in 50mH Tris, O.IH 
HaCl, 6M urea (pB7.2), the starting buffer for the 
first column. After extensive dialysis the protein 
is loaded on a 4 liter DEAE cellulose column and 
the unbound fractions are collected. 

The unbound fractions are concentrated and 
dieilyzed against SOsiM NaAc, 50mM NaCl (pH 4.6) in 
6M urea. The unbound fractions eure applied to a 
carit>03^ethyl celltaose column. Protein not bound 
to the column is removed by extensive washing with 
starting buffer, and the material containing 
protein having bone zmd/or cartilage formation 
activity as measured by the Rosen-modified Sampath- 
Reddi assay (described in Example III below) 
desorbed from the column by 50mM NaAc, 0.25mM NaCl, 
6M urea (pH 4.6). The protein from this step 
elution is concentrated 20- to 40- fold, then 
diluted 5 times with BOm KPO4, 611 urea (pHS.O). 
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The pH of the solution Is adjusted to 6.0 with 
SOOinM K2HPO4. The sample is applied to an 
hydroxylapatite column (LKB) equilibrated in 80aiH 
KPO4, 6M urea (pH6.0) and all unbound protein is 
removed by washing the column with the same 
buffer. Protein having bone and/or cartilage 
formation activity is eluted with lOOaM KPO4 
(pH7.4) and 6H urea. 

The protein is concentrated approximately 10 
times, and solid Nad added to a final concen- 
tration of 0.15M. This material is applied to a 
heparin - Sepharose column equilibrated in SOifiH 
KPO4, isomM NaCl, 6M urea (pH7.4). After extensive 
washing of the column with steirting buffer, a 
protein with bone and/or cartilage inductive 
activity is eluted by 50mM KPO4, TOOmM Had, 6M 
urea (pH7.4). This fraction is concentrated to a 
minimum volume, and 0.4ml aliquots are applied to 
Superose 6 and Superose 12 columns connected in 
series, equilibrated with 4M GuCl, 20mM 
a?ris (pH7.2) and the columns developed at a flow 
rate of 0.25ml/min. The protein demonstrating bone 
and/or cartilage inductive activity corresponds to 
an approximate 30,000 dalton protein. 

The above fractions from the superose columns 
are pooled, dialyzed against 50mM NaAc, 6M urea 
(PH4.6), and applied to a Pharmacia MonoS HR 
column. The column is developed with a gradient to 
l.OM Nad, 50mM NaAc, 6M urea (pH4.6). Active bone 
and/or cartilage formation fractions are pooled. 
The material is applied to a 0.46 x 25cm Vydac C4 
column in 0.1% TFA and the column developed with a 
gradient to 90% acetonitrile, 0.1% TFA (31.5% 
acetonitrile, 0.1% TFA to 49.5% acetonitrile, 0.1% 
TFA in 60 minutes at 1ml per minute). Active 
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material is eluted at approximately 40-44% ace- 
tonitrile. Fractions were eissayed for cartilage 
and/or bone formation activity .The active loaterial 
is further fractionated on a MonoQ column. The 
protein is dialyzed against 6M urea, 25mM 
diethanolamine, pH 8.6 and then applied to a 0.5 by 
5 cm MonoQ column (Pheunnacia) which is developed 
with a gradient of 6M urea, 25inM diethanolamine, pH 
8.6 and 0.5 M NaCl, 6M turea, 25mM diethanolamine, 
pH 8.6. Fractions are brought to pH3.0 with 10% 
trifluoroacetic acid (TFA) . Aliquots of the 
appropriate fractions are iodinated by one of the 
following methods: P. j. McConahey et al. 
Int. Aycn. Allergy, 29:185-189 (1966); A. E. Bolton 
®t al, Biochem J, . 133:529 (1973); and D. P. 
Bowen-Pope, J. Biol, chem. , 237:5161 (1982). The 
iodinated proteins present in these fractions btb 
analyzed by SDS gel electrophoresis. 

EXAMPLE II 

Characterization of Bovine Gay t ilaae/Bone Indiiefe|^A 

A. Molecular Weight 

Approximately 5;ig protein from Example I in 6M 
urea, 25mM diethanolamine, pH 8.6, approximately 
0.3 M HaCl is made 0.1% with respect to SDS and 
dialyzed against 50 mM tris/HCl 0.1% SDS pH 7.5 for 
16 hrs. The dialyzed material is then 
electrophorectically concentrated against a 
dialysis membrane [Hunkapillar et al Meth. Enzymoi ^ 
91: 227-236 (1983)] with a small amount of I 125 
labelled counterpart. This material (volxme 
approximately 100/il) is loaded onto a 12% 
polyacrylamide gel and subjected to SDS-PAGE 
[Laemmli, U.K. yatypr^, ^:680-685 (1970)] without 
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reducing the sanqple with dithiothreitol. The 
molecular weight is determined relative to 
prestained molecular weight standards (Bethesda 
Research Labs) , Following autoradiography of the 
unfixed gel the approximate 28,000-30,000 dalton 
band is excised and the protein electrophoretically 
eluted from the gel (Hunlcapillar et al supra) . 
Based on similar purified bone fractions as 
described in the co-pending "BMP" applications 
described above wherein bone and/or cartilage 
activity is found in the 28,000-30,000 region, it 
is inferred that this band comprises bone and/or 
cartilage inductive fractions. 

B, subunit Characterization 

The subunit con^osition of the isolated bovine 
bone protein is also determined. The eluted 
protein described above is fully reduced and 
alkylated in 2% SDS using iodoacetate and standard 
procedures and reconcentrated by electrophoretic 
paclcing. The fully reduced and allcylated sample is 
then further submitted to SDS-PAGE on a 12% gel and 
the resulting approximate 14,000-20,000 dalton 
region having a doublet appearance located by 
autoradiography of the unfixed gel. a faint band 
remains at the 28,000-30,000 region. Thus the 
28,000-30,000 dalton protein yields a broad region 
of 14,000-20,000 which may otherwise also be 
interpreted and descrited as comprising two broad 
bands of approximately 14,000-16,000 and 16,000- 
20,000 daltons. 

EXAMPLE III 

Rosen Modified Samp ^th-Reddi A^f^yiy 

A modified version of the rat bone 
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formation assay described in Sampath and Reddi, 
Proc. Natl. Acad. Sci, U.S.A. . 80:6591-6595 (1983) 
is used to evaluate bone and/or cartilage activity 
of the proteins of the invention. This modified 
assay is herein called the Rosen-modified Sanpath- 
Reddi assay. The ethanol precipitation step of the 
Sampath-Reddi procedure is replaced by dialyzing 
(if the composition is a solution) or diafiltering 
(if the con^osition is a suspension) the fraction 
to be assayed against water. The solution or 
suspension is then redissolved in 0.1 % TFA, emd 
the resulting solution added to 20mg of rat matrix. 
A mock rat matrix san^le not treated with the 
protein serves as a control. This material is 
frozen and lyophilized and the resulting powder 
enclosed in #5 gelatin capsules. The capsules are 
implanted subcutaneously in the 2U3dominal thoracic 
area of 21 - 49 day old male Long Evans rats. The 
inqplants are removed after 7 -14 days. Half of 
each implant is used for alkaline phosphatase 
analysis [See, A. H. Reddi et al., Proc- Natl Aeq<^ 
Sci. . 69:1601 (1972)]. 

The other halt of each implant is fixed and 
processed for histological analysis. 
Glycolmethacrylate sections, (l/im) are stained with 
Von Kbssa and acid fuschin or toluidine blue to 
score the amount of induced bone and cartilage 
formation present in eacOi iaqplant. The terms -kl 
throu^ +5 represent the area of each histological 
section of an implant occupied by new bone and/or 
ceirtilage cells and newly formed bone coid matrix. 
Two scoring methods are herein described. In the 
first scoring method a score of +5 indicates that 
greater than 50% of the implant is new bone and/or 
cartilage produced as a direct result of protein in 
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the implant. A score of +4, +3, +2 and +1 
would indicate that greater than 40%, 30%, 20% and 
10% respectively of the implant contains new 
cartilage and/or bone. The second scoring method 
(which hereinafter may be referred to as the 
modified scoring method) is as follows: three non- 
adjacent sections are evaluated from each implant 
and averaged. «+/-" indicates tentative 
identification of cartilage or bone; «+i" 
indicates >io% of each section being new cartilage 
or bone; "+2", >25%; "+3", >50%; «+4", -75%; "+5", 
>80%. The scores of the individual implants are 
tabulated to indicate assay variability. 

It is contemplated that the dose response 
nature of the cartilage and/or bone inductive 
protein containing samples of the matrix samples 
will demonstrate that the amount of bone and/or 
cartilage formed increases with the amount of 
cartilage/bone inductive protein in the sample. It 
is contemplated that the control saa^les will not 
result in any bone and/or cartilage formation. 

As with other cartilage and/or bone inductive 
proteins such as the above-mentioned -BMP- 
proteins, the bone eaid/or cartilage formed is 
expected to be i^ysically confined to the space 
occupied by the matrix. Samples are also analyzed 
by SDS gel electrophoresis and isoelectric focusing 
followed by autoradiography. The activity is 
correlated with the protein bands and pi. To 
estimate the purity of the protein in a particular 
fraction an extinction coefficient of 1 OD/mg-cm 
is used as an estimate for protein and the protein 
is run on SDS-PAGE followed by silver staining or 
radioiodination and autoradiography. 
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EXAMPLE IV 

A- Bovine Protein Composition 

The gel slice of the approximate 14,000- 
20,000 dalton region described in Example XIB is 
5 fixed with methanol-acetic acid-water using 
standard procedures, briefly rinsed with water, 
then neutralized with O.IM aannonium bicarbonate. 
Following dicing the gel slice with a razor blade, 
the protein is digested from the gel matrix by 

10 adding 0.2 ^g of TPCK-treated trypsin (Worthington) 
and incubating the gel for 16 hr. at 37 degrees 
centigrade. The restatant digest is then subjected 
to RPHPLC using a C4 V^dac REHPLC column and 0.1% 
TFA-water 0-1% TFA water-acetonitrile gradient. 

15 The resultant peptide peaJcs were monitored by UV 
eJasorbance at 214 and 280 nm and subjected to 
direct amino terminal amino acid sequence analysis 
using an Applied Biosystems gas phase sequenator 
(Model 470A}. One tryptic fragment is isolated by 

20 standard procedures having the following amino acid 
sequence as represented by the amino acid standard 
three-letter symbols and where "Xaa" indicates an 
iinknown a m i n o acid the amino acid in parentheses 
indicates imcertainty in the sequence: 

25 X2ta-HiB-61u-Leu-!^r^Val-Ser-Phe- (Ser) 

The following four oligonucleotide probes are 
designed on the betsis of the amino acid sequence 
of the above-identified tryptic fragment and 
synthesized on an automated DNA synthesizer. 

30 PROBE #1: GTRCTYGANATRCANTC 
PROBE #2: GTRCTYGANimtCANAG 
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PROBE #3: GTRCTyAAYATRCANTC 
PROBE #4: GTRCTYAAYATRCANAG 



The standard nucleotide syinbols in the above 
identified probes are as follows: A, adenosine; 
C,cytosine; G,guanine; T,thymine; N, adenosine or 
cytosine or guanine or thymine; R, adenosine or 
guanine; and Y,cytosine or thymine- 

Each of the probes consists of pools of 
oligonucleotides- Because the genetic code is 
degenerate (more than one codon can code for the 
same amino acid), a mixture of oligonucleotides is 
synthesized that contains all possible nucleotide 
sequences encoding the amino acid sequence of the 
tryptic. These probes are radioactively labeled 
and enqployed to screen a bovine cDMA library as 
described below. 



B, Bovine fflfP-R 

Poly (A) containing RNA is isolated by 
oligo(dT) cellulose chromatography from total RNA 
isolated from fetal bovine bone cells by the method 

of Gehron-Robey et al in Current ArHr^r. 

Sk^letoq^yieslB, Elsevier Science Publishers (1985) . 
The total RNA was obtained from Dr. Marion Youngi 
National Institute of Dental Researdh, National 
Institutes of Health. A cDNA library is made in 
lambda gtio (Toole et al supra ) and plated on 50 
plates at 8000 recombinants per plate. These 
recombinants (400,000) are screened on duplicate 
nitrocellulose filters with a combination of Probes 
If 2, 3, and 4 using the Tetramethylammonium 
chloride (TMAC) hybridization procedure [see Wozney 
et al Ssl^icfi, 24^: 1528-1534 (1988)]. Twenty- 
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eight positives are obtained and are replated for 
secondaries. Duplicate nitrocelliaose replicas 
again are xuide. One set of filters are screened 
with Probes #1 and #2; the other with Probes #3 and 
#4. six positives are obtained on the former, 21 
positives with the latter. One of the six, called 
HEL5, is plague purified, a phage plate stock made, 
and bacteriophage DNA isolated. This DNA is 
digested with EcoRl and subcloned into M13 and 
PSP65 (Promega Biotec, Madison, Wisconsin) [Melton, 
«t al. Nucl- Aetda jp^* 7035-7056 (1984)]. The 

OTA sequence and derived amino acid sequence of 
this fragment is shown in Table I, 

DNA sequence analysis of this fragment in 
M13 indicates that it encodes the desired tryptic 
peptide sequence set forth above, and this derived 
amino acid sequence is preceded by a basic residue 
(Lys) as predicted by the specificity of trypsin. 
Ofhe underlined portion of the sequence in Table I 
from amino acid #42 to #48 corresponds to the 
tryptic fragment identified above from which the 
oligonucleotide probes are designed. The derived 
amino acid sequence Ser-Gly-Ser-His-Gln-Asp-Ser- 
Ser-Arg as set forth in Table I from amino acid #15 
to #23 is noted to be similar to a tryptic fragment 
sequence Ser-Thr-Pro-Ala-Gln-Asp-Val-Ser-Arg found 
in the 28,000 - 30,000 dalton purified bone 
preparation as described in the "BMP" Publications 
W088/00205 and WO89/10409 mentioned above. This 
fragment set forth in Table I is a portion of the 
DNA sequence which encodes a bovine BMP-5 protein. 
The DNA sequence shown in Table I indicates an open 
reading frame from the 5' end of the clone of 420 
base pairs, encoding a partial peptide of 140 amino 
acid residues (the first 7 nucleotides are of the 
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adaptors used in the cloning procedure). An in- 
frame stop codon (TAA) indicates that this clone 
encodes the carboxy-terminal part of bovine BMP-5. 
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1 TCTAGAGGTGAGAGCAGCO^CAAGAGAAAAAATCaU^CCGa^TAAATCCGGCTCTCAT 
LeuGluValArgAletAlaAsnLysArgLysAsnGlnAsnArgAsnLv sSerGlvSerHlg 
(1) (15) 

62 CAGGACTCCTCTAGAMGTCCASTGTTGGAGATTATAACaiCCAGTGAAaUU^ 
GlnAspSerSerArciMei:SerSai;ValC1yA«p^ 

122 T6TAAAAA6CATGAACTCTATGTGAGTTTCCGGGATCTG6GATGGCAGGACTGGATTATA 
CvsLvsLvsHlsGluLemyrValSerPheArgAapI^iicl yTT-pci r^Eoprp^xi^Tl^ 
(42) (48) 

182 GCACCAGAAGGATATGCTGCATTTTATTGTGATGGAGAATGTTCTmTC 

AlaProGluGlyTyrMaAlaPheTyrCysAspGlyGluCyBSerPheProLeuAsnU 

242 CATATGAATGCOlCaATCATGCCATAGTTCaiGACTCTGGTTCACCTC 

HisMetAsnAlan^hrAsifflisAlalleValGlnThrLeuValHisLeuMetPheProAsp 

302 CACGTACCAAAGCCTTGCTGCGCGACAAACAAACTAAAT^ 

HisValProLysProCysCysAlaThrAsnLysLeuAsnAlalleSerValLeuTyrPhe 

362 GATGACAGCTCCAATGTCATTTTGAAAAAGTACAGAAATATGGTCGTGCGTTCGTC 

AspAspSerSerAsnVeaileLeuLysLysTyrArgAsnMetValValArgSerCysGly 

422 TGCCACTAATAGTGCAT&ATAATGGTAAT&AfiaAAAAAGATCTGTAnfi^^ 
CysHlsEnd 

(140) 

481 CTACAATAAAAAATATCTTTCXJGATAAAAGGGGAATTTAA^ 
541 TCATCTCTGTAACCn!!ATGTACAAGAGCAT6TATAl^ 578 
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The remaining positive clones (the second set 
containing 21 positives) isolated with Probes #i, 
#2, #3, and #4 described above are screened with 
5 HEL5 and a further clone is identified that 

hybridizes under reduced hybridization conditions 
[5x ssc, 0.1% SDS, 5X Denhardt's, lOO ^g/ail salmon 
sperm DNA standard hybridization buffer (SHB) at 
es'^c, wash in 2XSSC 0.1% SDS at 65-C3. This clone 

10 is plaque purified, a phage plate stock made and 

bacteriophage DNA isolated. The DNA sequence and 
derived amino acid sequence of a portion of this 
clone is shown in Table II. aaiis sequence 
represents a portion of the DNA sequence encoding a 

15 bovine bmp-6 cartilage/bone protein of the 

invention. 

The first underlined portion of the sequence 
in Table II from amino acid #97 - amino acid #105 
corresponds to the tryptic fragment found in the 

20 28,000-30,000 dalton purified bovine bone 

preparation (and its reduced form at approximately 
18,000-20,000 dalton reduced form) as described in 
the "BMP" Publications W088/00205 and WO89/10409 
mentioned above. The second underlined sequence in 

25 Table II from amino acid #124 - amino acid #130 

corresponds to the tryptic fragment identified 
above from whibh the oligonucleotide probes are 
designed. 

The DNA sequence of Table II indicates an open 
reading frame of 666 base pairs starting from the 
5» end of the sequence of Table ii, encoding a 
partial peptide of 222 amino acid residues. An in- 
frame stop codon (TGA) indicates that this clone 
encodes the carboxy-terminal part of a bovine BMP-6 
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protein. Based on knowledge of other BMP proteins 
and other proteins in the TGF-^ family, it is 
predicted that the precursor polypeptide would be 
cleaved at the three basic residues (ArgArgArg) to 
yield a mature peptide beginning with residue 90 or 
91 of the sequence of Table II. 
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TABLE H 



» IS 27 36 45 54 

^2 81 90 99 108 

He ttr Ma ttr ser ten leu TTp vai lai ttr ^ ^ ^ ^ ^ ^ 

135 344 153 M2 

einlettSerValV&lBirtogA^SlyLeuserneSerEtoGlywiaS^ 
"1 180 189 198 207 216 

225 234 243 252 261 270 

2» 3SS », 306 as 324 

333 342 ' „ (105) 

342 351 360 369 379 

387 „.^^' (124) 

^ 414 423 432 

«0 «» 468 477 486 

OJ^r Ala iOa ten asr eye ay Sla Qys sec ae ao Si to S ^ 
50* 513 522 531 540 

toiOaahrtenHlsMane^StottrS^m^SS^to^^ 
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TABLE H 
(page 2 of 2) 

549 558 567 576 585 594 

Tyr Pco £co cys Ma fro Thr lys Leu Asai Ala lie Ser Lai 
603 612 621 630 639 648 

a3^T3x:GacGaciuy::Tcx:AKFGTCiacGro 

TVr Ibe Asp A^ Asn Ser Asn ViEa lie Leu lys AEg Asn met 

657 666 676 686 696 706 716 

GOS OXn* GGG HGC OVC TSAdOOGGB TC3&GIGSCT6 GGGAOSCIGT GCacaCACaS GCIX3GaC3Xr 
Arg Ala (Sly Cya His 

(222) 

726 736 746 756 766 776 786 

raaTCAOGT oasocnaaG oocacamas nnr m^:y4A c AeaoGagttar; airrrrrav?^ ^ . cacxarootac 

^806 816 826 836 846 856 

oxaGogCTSGC cLTiumx: AftOscaGftoc oGaaGGGaoc c i mcoa a x: caTOcroacai ocsroftGosr 



866 876 886 

usTG^BiSiOC caomsGcac oaGsaaocaG cacDOGaG 
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EXAMPLE V 

A. Human Protein Compos ii^i on 

Human cell lines which synthesize HMP-5 and/or 
BMP~6 bRNAs are identified in the following manner. 
RNA is isolated from a variety of human cell lines, 
selected for poly ( A) -conta in ing RNA by 
chromatography on oligo(dT) cellulose, 
electrophoresed on a formaldehyde-agarose gel, and 
transferred to nitrocellulose. A nitrocellulose 
replica of the gel is hybridized to a single 
stranded M13 32p.iai,e3^^ probe corresponding to the 
above mentioned BMP-5 EcoRl-Bglll fragment 
containing nucleotides 1-465 of the sequence of 
Table I. A strongly hybridizing band is detected 
in the lane corresponding to the human osteosarcoma 
cell line U-20S RNA. Another nitrocellulose 
replica is hybridized to a single stranded M13 ^2p_ 
labeled probe containing the Pstl-Smal fragment of 
bovine BMP-6 (corresponding to nucleotides 106- 
261 of Table II). It is found that several RNA 
species in the lane corresponding to U-20S RNA 
hybridize to this probe. 

A cDNA Library is made in the vector lambda 
ZAP (Stratagene) from U-20S poly (A) -containing RNA 
using established techniques (Toole et al.). 
750,000 recombinants of this library are plated and 
duplicate nitrocellulose replicas made« The Smal 
fragment of bovine BMP-6 corresponding to 
nucleotides 259-751 of Table II is labeled by nick- 
translation and hybridized to both sets of filters 
in SHE at 65"Y. One set of filters is washed 
under stringent conditions (0.2X SSC, 0.1% SDS at 
es^D, the other under reduced stringency 
conditions (ix SSC, 0.1% SDS at 65"?). Many 
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duplicate hybridizing recombinsuits (approximately 
162) are noted. 24 axe picked and replated for 
secondeuries* OSiree nitrocellulose replicas are 
made of each plate. One is hybridized to the BHP-6 
Smal probe, one to a nick-translated BHP-6 Pstl- 
SacI fragment (nucleotides 106-378 of Table II) , 
and the third to the nick-translated BMP-5 Xbal 
fragments (nucleotides 1-76 of Table I) . 
Hybridization and washes are csirried out tinder 
stringent conditions. 
B. Human BMP-5 Proteins 

17 clones that hybridize to the third pr€>be 
more strongly than to the second probe are plague 
purified. DNA sequence analysis of one of these, 
U2-16, indicates that it encodes humam BMP-5. U2- 
16 was deposited with the Americcm Type Culture 
Collection (ATCC) , Rockville, Maryland on June 22, 
1989 under accession number ATCC 68109. This 
deposit as well as the other deposits described 
herein are made under the provisions of the 
Budapest Treaty on the International Recognition of 
the Deposit of Microorganisms for the Purposes of 
Patent Procedure and the Regulations thereunder 
(Budapest Treaty). U2-16 contains an insert of 
approximately 2.1 Kb. The DNA sequence and derived 
amino acid sequence of U2-16 is shown below in 
Table HI. This clone is expected to contain all 
of the nucleotide sequence necessary to encode 
human BMP-5 proteins. The cDINA sequence of Table 
III contains an open reading frame of 1362 bp, 
encoding a protein of 454 amino acids, preceded by 
a 5' untranslated region of 700 bp with stop codons 
in all freunes, and contains a 3' untreinslated 
region of 90 bp following the in frame stop codon 
(TAA). 
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15 



This protein of 454 amino acids has a 
molecular weight of approximately 52,000 daltons as 
predicted by its amino acid sequence, and is 
contemplated to represent the primary translation 
product. Based on knowledge of other BMP proteins 
and other proteins within the TGF-^ family, it is 
predicted that the precursor polypeptide would be 
cleaved at the tribasic peptide Lys Arg Lys 
yielding a 132 amino acid nature peptide beginning 
with amino acid #323 "Asn", ThB processing of BMP- 
5 into the mature form is eacpected to involve 
dimerization and removal of the N-terminal region 
in a manner analogous to the processing of the 
related protein TGr-fi [L.E. Gentry, et al., Molec. 
f CeUf ^^o3, 8:4162 (1988); R. Demyck, et al., 
HSja^ llg:70l (1985)]. 

It is contemplated therefore that the mature 
active species of BMP-5 comprises a homodimer of 2 
polypeptide subunits each subunit comprising amino 
acid #323 - #454 with a predicted molecular weight 
of approximately 15,000 daltons. Further active 
BMP-5 species are contemplated, for example, 
proprotein diners or proprotein subunits linked to 
nature subunits. Additional active species may 
comprise amino acid #329 - #454 such species 
including homologous the tryptic sequences found in 
the purified bovine material. Also contemplated 
are BMP-5 proteins comprising amino acids #353- 
#454 thereby including the first conserved 
30 cysteine residue. 

The underlined sequence of Table in from 
amino acid #329 to #337 Ser-Ser-Ser-His-Gln-Asp- 
Ser-Ser-Arg shares homology with the bovine 
sequence of Table I from amino acid #15 to #23 as 
35 discussed above in Example IV. Each of these 
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sequences shares homology with a tryptic fragment 
sequence Ser-Thr-Pro-Ala-Gln-Asp-Val-Ser-Arg found 
in the 28,000 - 30,000 dalton ptirified bone 
prepeuration (and its reduced form at approximately 

5 18^000 - 20,000 daltons) as described in the "BMP" 

published applications W088/00205 and W089/10409 
mentioned above. 

The underlined sequence of Table III from 
amino acid #356 to #362 His-Glu-Leu-Tyr-Val-Ser-Phe 

0 corresponds to the tryptic fragment identified in 

the bovine bone preparation described above from 
which the oligonucleotide probes are designed. 
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TABLE III 



10 20 30 40 50 

CTGGTATATT TGTGCCTGCT GGAGGTGGAA TTAACAGTAA GAAGGAGAAA 
60 70 80 90 100 

GGGAITTGAAT GGACTTACAG GAA6GATTTC AAGTAAATTC AGGGAAACAC 

120 130 140 150 

ATTTACTTGA ATAGTACAAC COIAGAGTATT ATTTTACACT AAGAC6ACAC 

170 180 190 200 

AAAAGATGTT AAA6TTATCA CCAAGCTGCC GGACAGATAT AOATTCCAAC 

210 220 230 240 250 

ACCAAGGT6C AGATCAGCAT AGATCTGTGA TTCAGAAATC AGGATTTGTT 

260 270 280 290 300 

TTGGAAA6AG CTCAAGG6TT GAGAAGAACT CAAAAGCAAG TGAAGATTAC 

310 320 330 340 350 

TTTGGGAACT ACAGTTTATC AGAAGATCAA CTTTTGCTAA TTCaAATACC 

360 370 380 390 400 

AAAG6CCT6A TTATCATAAA TTCATAIAGG AATGCAIEAGG TCaiPCTGATC 

410 420 430 440 450 

AAATAA-EATT A6C0GTCTTC TGCTACaTCA ATGCAGCAAA AACTCTTAAC 

*60 470 480 490 500 

AACTGTGGAT AaTTGGAAAT CTGAGTTTCA GCTTTCTTAG A3iATOiin»rAr 

510 520 530 540 550 

TCTTGACATA TTCCAAAATA TTTAAAATAG 6ACAGGAAAA TCGGTGA6GA 
560 570 580 590 600 

TGTTGTGCTC AGAAATGTCA CTGTCATGAA AAAIEAG6TAA ATTTGTTTTT 

610 620 630 640 650 

TCAGCTACTG GGAAACIGTA CCTCCTAGAA CCTTAGGTTT TTlTiUTlUT 

660 670 680 690 700 

AAGA6GACAA GAAGGACTAA AAATATCAAC TTTTGCTTTT GGACAAAA 
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TABLE III 
(page 2 Of 4) 

701 710 719 728 737 

ATG CAT CT6 ACT GTA TTT TTA CTT AA6 6GT ATT GTG GGT TTC CTC 

MET His Leu Thr Val Phe Leu Leu Lys Gly lie Val Gly Phe Leu 



746 755 764 773 782 

TGG AGO TGC TGG 6TT CTA GTG GGT TAT GCA AAA GGA GGT TTG GGA 

Trp ser Cys Trp Val Leu Val Gly Tyr Ala Lys Gly Gly Leu Gly 

791 800 809 818 827 

GAC AAT CAT GTT CAC TCC AGT TTT ATT TAT AGA A6A CTA CGG AAC 

Asp Asn His Val His Ser Ser Phe lie Tyr Arg Arg Leu Arg Asn 

836 845 854 863 872 

CAC GAA AGA CGG GAA ATA CAA AGG GAA ATT CTC TCT ATC TTG GGT 

His Glu Arg Arg Glu lie Gin Arg Glu lie Leu Ser lie Leu Gly 

881 890 899 908 917 

TTG CCT CAC AGA CCC AGA CCA TTT TCA CCT GGA AAA ATG ACC AAT 

Leu Pro His Arg Pro Arg Pro Phe Ser Pro Gly Lys Gin Ala Ser 

926 935 944 953 962 

CAA GCG TCC TCT GCA CCT CTC TTT ATG CTG GAT CTC TAC AAT GCC 

Ser Ala Pro Leu Phe MET Leu Asp Leu Tyr Asn Ala MET Thr Asn 

971 980 989 998 1007 

GAA GAA AAT CCT GAA GAG TC6 GAG TAC TCA GTA AGG GCA TCC TTG 

Glu Glu Asn Pro Glu Glu Ser Glu Tyr Ser Val Arg Ala Ser Leu 

1016 1025 1034 1043 1052 

GCA GAA GAG ACC AGA 6GG GCA AGA AAG GGA TAC CCA GCC TCT CCC 
Ala Glu Glu Thr Arg Gly Ala Arg Lys Gly Tyr Pro Ala Ser Pro 

. 1061 1070 1079 1088 1097 

AAT GGG TAT CCT CGT CGC ATA CAG TTA TCT CGG ACG ACT CCT CTG 
Asn Gly Tyr Pro Arg Arg lie Gin Leu Ser Arg Thr Thr Pro Leu 

1106 1115 1124 1133 1142 

ACC ACC CAG AGT CCT CCT CTA GCC AGC CTC CAT GAT ACC AAC TTT 
Thr Thr Gin Ser Pro Pro Leu Ala Ser Leu His Asp Thr Asn Phe 

1151 1160 1169 1178 1187 

CTG AAT GAT GCT GAC ATG GTC ATG AGC TTT GTC AAC TTA GTT GAA 
Leu Asn Asp Ala Asp MET Val MET Ser Phe Val Asn Leu Val Glu 

1196 1205 1214 1223 1232 

AGA GAC AAG GAT TTT TCT CAC CAG CGA AGG CAT TAC AAA GAA TTT 

Arg Asp Lys Asp Phe Ser His Gin Arg Arg His Tyr Lys Glu Phe 
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TABLE III 
(page 3 of 4) 

1241 1250 1259 1268 1277 

CGA TTT GAT CTT ACC CAA ATT CCT CAT GGA GAG GCA GTG ACA GCA 
Arg Phe Asp Leu Thr Gin lie Pro His Gly Glu Ala Val Thr Ala 

1286 1295 1304 1313 1322 

6CT 6AA TTC CGG ATA TAC AAG GAC 06G AGC AAC AAC CGA TTT 6AA 
Ala Glu Phe Arg He Tyr Lys Asp Arg Ser Asn Asn Arg Sie Glu 

1331 1340 1349 1358 1367 * 

AAT GAA ACA ATT AAG ATT AGC ATA TAT CAA ATC ATC AAG GAA TAC 
Asn Glu Thr He Lys He Ser He Tyr Gin He lie ly s GlS ^ 

1376 1385 1394 1403 1412 

ACA AAT AGG GAT GCA GAT CTG TTC TTG TTA GAC ACA AGA AAG GCC 
Thr Asn Arg Asp Ala Asp Leu Phe Leu Leu Asp Tto tog ijs Sa 

1421 1430 1439 1448 1457 

CAA GCT TTA GAT GTG GGT TGG CTT GTC TTT GAT ATC ACT GTG ACC 
Gin Ala Leu Asp Val Gly Trp Leu Val Phe Asp He Thr ^1 T^r 

1466 1475 1484 1493 1502 

AGC AAT CAT TGG GTG ATT AAT CCC CAG AAT AAT TTG GGC TTA CAG 
ser Asn His Trp Val He Asn Pro Gin Asn Asn Leu G^ £eu Sn 

1511 1520 1529 1538 1547 

CTC TGT GCA GAA ACA GGG GAT GGA CGC AGT ATC AAC GTA AAA TCT 
Leu cys Ala Glu Thr Gly Asp Gly Arg Ser Ile^n vil^s^ 

1556 1565 1574 1583 1595 

If! ^3 2?^ ^ <^ TCA AAA CAA CCA TTC 

Ala Gly Leu Val Gly Arg Gin Gly Pro Gin Ser Lys Gin Pro ae 

1601 1610 1619 1628 1637 

ATC GTG GCC TTC TTC AAG GC6 AGT GAG GTA CTT CTT CGA TCC GTG 
MET val Ala Phe Phe Lys Ala Ser Glu Val Leu Leu tog Ser Val 

1646 1655 1664 1673 1682 

^ If ^ AAC AAA CGA AAA AAT CAA AAC CGC AAT AAA TCC AGC 
Arg Ala Ala Asn Lys Arg Lys Asn Gin Asn Arg Asn Lys ser Ser 

(323) (329) 

1691 1700 1709 1718 1727 

TCT CAT CAG GAC TCC TCC AGA ATG TCC AGT GTT GGA GAT TAT AAC 
ffer His Gin Asp Ser Ser^^rg MET Ser Ser Val Gly Asp Tyr Asn 
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TABLE III 
(page 4 of 4) 

1736 1745 1754 1763 1772 

ACA AGT GAG CAA AAA CAA GCC T6T AAG AAG CAC 6AA CTC TAT GTG 
Thr Ser Glu Gin Lys Gin Ala Cys Lys Lys His Glu Leu Tyr Vaj , 

(356) 

1781 1790 1799 1808 1817 

A6C TTC CGG GAT CTG GGA TG6 CAG GAC TG6 ATT ATA GCA CCA GAA 
gey Phe Arg Asp Leu Gly Trp Gin Asp Trp He He Ala Pro Glu 
(362) 

1826 1835 1844 1853 1862 

GGA TAG GOT GCA TTT TAT TGT GAT GGA GAA T6T TCP TTT CCA CTT 
Gly Tyr Ala Ala Phe Tyr Cys Asp Gly Glu Cys Ser Phe Pro Leu 

1871 1880 1889 1898 1907 

AAC GCC CAT ATG AAT GCC ACC AAC CAC GCT ATA GTT CAG ACT CTG 
Asn Ala His MET Asn Ala Thr Asn His Ala He Val Gin Thr Leu 

1916 1925 1934 1943 1952 

GTT CAT CTG ATG TTT CCT GAC CAC GTA CCA AAG CCT TGT TGT GCT 
Val His Leu MET Phe Pro Asp His Val Pro Lys Pro Cys Cys Ala 

1961 1970 1979 1988 1997 

CCA ACC AAA TTA AAT GCC ATC TCT GTT CTG TAC TTT GAT GAC AGC 
Pro Thr Lys Leu Asn Ala lie Ser Val Leu Tyr Phe Asp Asp Ser 

2006 2015 2024 2033 2042 

TCC AAT GTC ATT TTG AAA AAA TAT AGA AAT ATG GTA GTA CGC TCA 
Ser Asn Val He Leu Lys Lys Tyr Arg Asn MET Val Val Arg Ser 

(450) 

2051 2060 2070 2080 2090 2100 

TGT GGC TGC CAC TAATATTAAA TAATATTGAT AATAACAAAA AGATCTGTAT 
Cys Gly Cys His 
(454) 

2110 2120 2130 2140 2150 

TAAGGTTTAT GGCTGCAATA AAAAGCATAC TTTCAGACAA ACAGAAAAAA AAA 
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The tryptic sequence His-Glu-Leu-Tyr-Val-Ser- 
Phe-(Ser) described above is noted to be siiailar to 
the sequence His-Pro-Leu-Tyr-Val-Asp-Phe-Ser found 
in the bovine and human cartilage/bone protein BMP- 
5 2A sequence, for instance as described in 

Publication WO 88/00205. Human BMP-5 shares 
homology with other BMP molecules as well as other 
members of the TGP-^ superfamily of molecules. The 
cystelne-rich carboxy-terminal 102 amino acid 
10 residues of human BKP-5 shares the following 

homologies with BMP proteins disclosed herein and 
in Publications WO 88/00205 and WO 89/10409 
described above: 61% identity with BMP-2; 43% 
identity with BMP-3, 59% identity with BMP-4; 91% 
15 identity with BMP-6; and 88% identity with BMP-7. 

Human BMP-5 further shares the following 
homologies: 38% identity with TGP-^3; 37% identity 
with TGF"^2; 36% identity with TGF-^1; 25% identity 
with Mullerian Inhibiting Substance (MIS), a 
testicular glycoprotein that causes regression of 
the Mullerian duct during development of the male 
embryo; 25% identity with inhibin a; 38% identity 
with inhibin fi^; 45% identity with inhibin 56% 
identity with Vgl, a Xenopus factor which may be 
25 involved in mesoderm induction in early 

embryogenesis (Weeks and Melton, Cell 11:861-867 
(1987)]; and 57% identity with Dpp the product of 
the Drosophila decapentaplegic locus which is 
required for dorsal-ventral specification in early 
30 embryogenesis and is involved in various other 

developmental processes at later stages of 
development [Padgett, et al.. Nature 3^5:81-84 
(1987) ] . 
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C. Human BMP- 6 Proteine 
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Six clones which hybridize to the second probe 
described in Exan^le V.A. more strongly than to the 
third are picked and transformed into plasmids. 
Restriction mapping. Southern blot analysis, and 
DNA sequence emalysis of these plasmids indicate 
that there are. two classes of clones. Clones 172-7 
and U2-10 contain human BMP-6 coding sequence based 
on their stronger hybridization to the second probe 
and closer DNA homology to the bovine BMP-6 
sequence of Table XI than the other 4 clones. DNA 
sequence data derived from these clones indicates 
that they encode a peurtial polypeptide of 132 amino 
acids comprising the carboa^-terminus of the human 
BMP-6 protein. U2-7 was deposited with the 
American Type Culture Collection (ATCC) , Roclcville, 
Maryland on June 23, 1989 under accession number 
68021 under the provisions of the Budapest Treaty. 

A primer extended cDNA library is made from U- 
2 OS mRNA using the oligonucleotide 
6GAATCCAA66CA6AATGTG, the sequence being based on 
the 3> iintramslated sequence of the human HMP-6 
derived from the clone U2-10. This library is 
screened with an oligonucleotide of the sequence 
CAGAGTCGTAATCGC, derived from the BMP-6 coding 
sequence of U2-7 and U2-10. Hybridization is in 
standard hybridization buffer (SHE) at 42 degrees 
centigrade, with wash conditions of 42 degrees 
centigrade, 5X SSC, 0.1% SDS. Positively 
h^ridizing clones are isolated. The DNA insert of 
one of these clones, PEH6-2, indicates that it 
extends further in a 5" direction than either U2-7 
or U2-10. A primer extended cDNA library 
constructed from n-20S mRNA as cUsove is screened 
with an oligonucleotide of the sequence 
GCCTCTCCCCCTCCGACGCCCC6TCCTCGT, derived from the 
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sequence near the 5» end of PEH6-2. Hybridization 
is at 65 degrees centigrade in SHB, with washing at 
65 degrees centigrade in 2X SSC, 0.1% SDS. 
Positively hybridizing recombinants are isolated 
and analyzed by restriction mapping and DNA 
sequence analysis. 

The 5' sequence of the insert of one of the 
positively hybridizing recombinants, PE5834#7, is 
used to design an oligonucleotide of the sequence 

CTGCTGCTCCTCCTGCTGCCGGAGCGC. A random primed cDNA 
library [synthesized as for an oligo (dT) primed 
library except that (dN)6 is used as the primer] 
is screened with this oligonucleotide by 
hybridization at 65 degrees centigrade in SHB with 
washing at 65 degrees centigrade in IX SSC, o.l% 
SDS. A positively hybridizing clone, RPio, is 
identified, isolated, and the DNA sequence 
sequence from the 5» end of its insert is 
determined. This sequence is used to design an 
oligonucletide of the sequence 
TCGGGCTTCCTGTACCGGCGGCTCAAGACGOIGGAGA^ 
A human placenta cDNA library (Stratagene catalog 
#936203) is screened with this oligonucleotide by 
hybridization in SHB at 65 degrees centigrade, and 
washing at 65 degrees centigrade with 0.2 X SSC, 
0.1% SDS. A positively hybridizing recoaibinant 
designated BMP6C35 is isolated. DNA sequence 
analysis of the insert of this recombinant 
indicates that it encodes the con^lete human bmp-6 
protein. BMP6C35 was deposited with the American 
Type culture Collection, 12301 Parklawn Drive, 
RocJcville, Maryland USA on March 1, 1990 under 
Accession Number 68245 under the provisions of the 
Budapest Treaty. 

The DNA and derived amino acid sequence of the 
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majority of the insert of BMP6C35 is given in Table 
IV. This DNA sequence contains an open reading 
frame of 1539 base pairs which encodes the 513 
amino acid human BHP-6 protein precursor. The 
5 presumed initiator methionine codon is preceded by 

a 5 'untranslated sequence of 159 base pairs with 
stop codons in all three reading frames. The stop 
codon at nucleotides 1699-1701 is followed by at 
least 1222 base pairs of 3 • untranslated sequence. 
10 It is noted that U2-7 has a C residue at the 

position corresponding to the T residue at 
position 1221 of BMP6C35; U2-7 also has a c residue 
at the position corresponding to the 6 residue at 
position 1253 of BMP6C35. These do not cause amino 
acid differences in the encoded proteins, and 
presumably represent allelic variations. 

The oligonucleotide 
TC6GGCTTCCTGTACCGGCGGCTCAAGA<»CaGGAGAAG0GGGaGaTGCA 
is used to screen a human genomic library (Toole et 
al supra) , by hybridizing nitrocellulose replicas 
of 1 X 10^ recombinants with the oligonucleotide in 
SHB at 65 degrees centigrade, and washing at 65 
degrees centigrade with 0.2 X ssc, 0.1% SDS. 
Positively hybridizing clones are purified. The 
oligonucleotide hybridizing region is localized to 
an approximately 1.5 Icb Pst I fragment. DNA 
sequence analysis of this fragment confirms the 5" 
sequence indicated in Table IV. 

The first underlined portion of the sequence 
in Table IV from amino acid #388 to #396, Ser-Thr- 
Gln-Ser-Gln-Asp-Val-Ala-Arg, corresponds to the 
similar sequence Ser-Thr-Pro-Alg-Gln-Asp-Val-Ser- 
Arg of the bovine sequence described above and set 
forth in Table II. The second tinderlined sequence 
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in Table IV from amino acid #415 through #421 His- 
Glu-Leu-Tyr-Val-Ser-Phe, corresponds to the tryptic 
fragment identified above from which the 
oligonucleotide probes are designed. The tryptic 
sequence His-Glu-Leu-Tyr-Val-Ser-Phe- (Ser) is 
noted to be similar to a sequence found in other 
BMP proteins for example the sequence His-Pro-Iieu- 
Tyr-Val-Asp-Phe-Ser found in the bovine and human 
cartilage/bone protein HMP-2 sequence as described 
in Publication WO 88/00205. BMP-6 therefore 
represents a new member of the BMP subfamily of 
TGF-^ like molecules which includes the molecules 
HMP-2, BMP-3, BMP-4 described in Publications WO 
88/00205 and WO 89/10409, as well as BMP-5 and BMP- 
7 described herein. 

Based on knowledge of other BMP proteins, as 
well as other proteins in the TGP-^ family, BMP-6 
is predicted to be synthesized as a precursor 
molecule and the precursor polypeptide would be 
cleaved between amino acid #381 and amino acid #382 
yielding a 132 amino acid mature polypeptide with a 
calculated molecular weight of approximately iSKd. 
The mature form of BMP-6 contains three potential 
N-linked glycosylation sites per polypeptide chain 
as does BMP-5. 

The processing of BMP-6 into the mature form 
is expected to involve dimerization and removal of 
the N-terminal region in a manner analogous to the 
processing of the related protein TGF-^ [l.E. 
Gentry, et al., (1988); R. Demyck, et al., (1985) 
Wpya ] . It Is contemplated that the active BMP-6 
protein molecule is a dimer. it is further 
contemplated that the mature active species of BMP- 
5 comprises protein molecule is a homodimer 
comprised of two polypeptide subunits each subunit 
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comprising amino acid #382 - #513 as set forth in 
Table IV. Further active species of BHP-5 are 
contemplated sacsh as phoprotein dimers or a 
proproteln • subunit and a mature subunit, 
5 Additional active 6MP-5 proteins may comprise amino 

acid #388 - #513 thereby including the tryptic 
fragments found in the purified bovine material. 
Another BMP-5 protein of the invention comprises 
amino acid #412 - #513 thereby including the first 
10 conserved cystine residue. 
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TABLE IV 

30 ^yj « 

CGACCATGAG AGATAAGGAC TGAGGGCCAG GAAGGGGAAG CGA6CCC6CC 



?•? 20 30 40 50 



60 70 80 90 100 

GA6A66T66C 6G6GACT6CT CACGCCAAG6 6CCACA6CGG CCGC6CTCC6 

120 130 140 150 

6CCTCGCTCC GCCGCTCCAC GCCTCGCGGG ATCCGCGG66 6CAGCCCGGC 

159 168 177 186 loi; 

CGGGCGGGG ATG CC6 GGG CTG GGG C6G AG6 6C6 CA6 TGG CTG T6C 
MET Pro Gly Leu Gly Arg Arg Ala Gin Trp Leu Cys 

204 213 222 231 ojtn 

TGG TGG TCG GGG CTG CTG TGC AGC TGC TGC GGG CCC CCG CCG CTC 
Trp Trp Trp Gly Leu Leu Cys Ser Cye cys Gly Pro ^ ^ 

258 267 276 oqk 

S2 S^f ?^ ^ ^ GCC GCC GGG GGG ^ 

Arg Pro Pro Leu Pro Ala Ala Ala Ala Ala Ala Ala Gly G^ Gin 

CTC CTG 666 GAC 66C G^ AGO CCC ^ CGC ACG ^ CAG CCG C^ 
Leu Leu Gly Asp Gly 61y Ser Pro Gly Arg Thr 61u 61n ^o P^ 

339 348 357 -gg 

Pro ser Pro Gin Ser Ser Ser Gly Phe Leu ^ S 

384 393 402 411 A-,n 

Thr Gin Glu Lys Arg 61u HET Gin Lys 61u sS vS 



438 447 45g 

GGG CTC CCG CAC 06G CCC C6G CCC CTG CAC GGC CTC CAA CAG CCG 
61y Leu Pro His Arg Pro Arg Pro Leu His ay ^ ^ 



wo 90/11366 



56 



PCr/US90/01630 



Table IV 
(page 2 of 6) 

474 483 492 501 510 

CAG CCC CCG GCG CTC COG CAG CAG GAG GAG CAG CAG CAG CAG CAG 

Gin Pro Pro Ala Leu Arg Gin Gin Glu Glu Gin Gin Gin Gin Gin 

519 528 537 546 555 

CAG CTG CCT C6C G6A GAG CCC CCT CCC GGG CGA CTG AAG TCC GCG 
Gin Leu Pro Arg Gly Glu Pro Pro Pro Gly Arg Leu Lys Ser Ala 

573 582 591 600 

CCC CTC TTC ATG CTG GAT CTG TAC AAC GCC CTG TCC GCC GAC AAC 
Pro Leu Phe MET Leu Asp Leu Tyr Asn Ala Leu Ser Ala Asp Asn 

618 627 636 645 

GAC GAG GAC GGG GCG TOG GAG GGG GAG AGG CAG CAG TCC TGG CCC 

Asp Glu Asp Gly Ala Ser Glu Gly Glu Arg Gin Gin Ser Trp Pro 

654 663 672 681 690 

CAC GAA GCA GCC AGC TCG TCC CAG CGT CGG CAG CCG CCC CCG GGC 
His Glu Ala Ala Ser Ser Ser Gin Arg Arg Gin Pro Pro Gly Ser 

699 708 717 726 735 

GCC GCG CAC CCG CTC AAC CGC AAG AGC CTT CTG GCC CCC GGA TCT 
Pro Pro Gly Ala Ala His Pro Leu Asn Arg Lys Ser Leu Leu Ala 

744 753 762 771 730 

GGC AGC GGC GGC GCG TCC CCA CTG ACC AGC GCG CAG GAC AGC GCC 
Gly Ser Gly Gly Ala Ser Pro Leu Thr Ser Ala Gin Asp Ser Ala 

789 798 807 816 825 

mc CTC AAC GAC GCG GAC ATG GTC ATG AGC TTT GTG AAC CTG 6T6 
Phe Leu Asn Asp Ala Asp MET Val MET Ser Phe Val Asn Leu Val 

®34 843 852 861 870 

GAG TAC GAC AAG GAG TTC TCC CCT CGT CAG CGA CAC CAC AAA GAG 
Glu Tyr Asp Lys Glu Phe Ser Pro Arg Gin Arg His His Lys Glu 

879 888 897 906 915 

TTC AAG TTC AAC TTA TCC CAG ATT CCT GAG GGT GAG GTG GTG ACG 
Phe Lys Phe Asn Leu Ser Gin lie Pro Glu Gly Glu Val Val Thr 



wo 90/11366 PCr/US90/0]630 

57 

Table IV 
(page 3 of 6) 

924 933 942 951 960 

^ TGT GTT ATG GGG AGT TTT 

PHe Arg lie Tyr Lys Asp Cys Val MET Ala Ala Glu 6^ Ser Se 



978 987 996 ions 

AAA AAC CAA ACT TTT CTT ATC AGC ATT TAT CAA 6TC TTA CAG GAS 
Lys Asn Gin Thr Phe Leu He Ser He Tyr Gin Val Leu Sn au 

^014 1023 1032 1041 incri 

^ S?*^ ^^'^ ^'^ =^ ^ '"G TT6 6AC ACC CGT GTA 

His 61n His Arg Asp Ser Asp Leu Phe Leu Leu Asp Thr Arg Val 

1059 1068 1077 lOBfi inaE 

6TA TTC 6CC TCA GAA QAA GGC TG6 CTG SAA TTT SAC ATC AtSB crr 
val Trp Ala Ser Glu Glu Gly Trp Leu G?^ ^ ^ til 

1104 1113 1122 1131 ii-„ 

ACT AGC AAT CT6 TG6 GTT GTG ACT CCA CA6 CAT AAC ATG Gee erS 
Thr ser Asn Leu Trp Val Val Thr Pro Gin Si ^ §g 

1149 1158 1167 

CAG CT6 AGC GTG GTG ACA AfiG GAT G6A GTC CAC 6TC CAC CCC^ 
Gin Leu ser Val Val Thr Arg Asp Gly Val iis vi5 Ss ^ ^ 

1194 1203 1212 1221 ir>^n 

f?f ^ ®^ ^ «»C SGC OCT TAC GAT AAG CAG CcS 

Ala Ala Gly Leu Val Gly Arg Asp Gly Pro Tyr Asp £^ ^ 

1239 1248 1257 12fifi t>-7r 

^l^?^9^'^0TTCMAGfISMSrGAG GTC IaC GTG CGC Icc 
Phe MET Val Ala Phe Phe Lys Val Ser Glu Val His Val tag Tte 

1284 1293 1302 1311 

ACC AGG TCA GCC TCC AGC CGG CGC CGA CAA CAG AGT CGT AAT CGC 
Thr Arg ser Ala Ser Ser Arg Arg Arg Gin Gin S A^ 

(382) ^ 

1329 1338 1347 1356 

l'^ ''^^ SCG CGG GTC TCC AGT 6CT TCA GAT 

Ser^TtiF <?Mi Pf^r Glr, ftsp yal ftrg Val Ser te? IS ^ 
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Table IV 
(page 4 of 6) 

1374 1383 1392 1401 1410 

TAC AAC AGC A6T 6AA TTG AAA ACA GCC TGC AGG AAG CAT GAG CTG 
Tyr Asn Ser Ser Glu Leu Lys Thr Ala Cys Arg Lys His Glu lisu 

( 412 ) 

1419 1428 1437 1446 . 1455 

TAT GTG AGT TTC CAA GAC CTG GGA TGG CAG 6AC TGG ATC ATT GCA 
yyr Val ser Phe Gin Asp Leu Gly Trp Gin Asp Trp lie lie Ala 



1464 1473 1482 1491 1500 

CCC AAG GGC TAT GCT GCC AAT TAC TGT GAT GGA GAA TGC TCC TTC 
Pro Lys Gly Tyr Ala Ala Asn Tyr Cys Asp Gly Glu Cys Ser Phe 



1509 1518 1527 1536 1545 

CCA CTC AAC GCA CAC ATG AAT GCA ACC AAC CAC GCG ATT GTG CAG 
Pro Leu Asn Ala His MET Asn Ala Thr Asn His Ala lie Val Gin 



1554 1563 1572 1581 1590 

ACC TTG GTT CAC CTT ATG AAC CCC GAG TAT GTC CCC AAA CCG TGC 
Thr Leu Val His Leu MET Asn Pro Glu Tyr Val Pro Lys Pro Cys 

1599 1608 1617 1626 1635 

TGT 6CG CCA ACT AAG CTA AAT GCC ATC TCG GTT CTT TAC TTT GAT 
Cys Ala Pro Thr Lys Leu Asn Ala He Ser Val Leu Tyr Phe Asp 



1644 1653 1662 1671 1680 

GAC AAC TOC AAT GTC ATT CTG AAA AAA TAC AGG AM ATG GTT 6TA 
Asp Asn Ser Asn Val He Leu Lys Lys Tyr Arg Asn MET Val Val 



1689 1698 1708 1718 1728 

AGA GCT TGT GGA TGC CAC TAACTCGAAA CCA6ATGCTG GGGACACACA 
Arg Ala Cys Gly Cys His 

(513) 

1738 1748 1758 1768 1778 

TTCT6CCTT6 6ATTCCTAGA TTACATCTGC CTTAAAAAAA CACGGAAGCA 

1788 1798 1808 1818 1828 

CAGTT6GA66 TGGGACGATG AGACTTTGAA ACTATCTCAT GCCAGTGCCT 



1838 1848 1858 1868 1878 
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Table IV 
(page 5 of 6) 

TATTACCCAG GA&GATTTTA AAGG&CCTCA TTAMAMirP GCTCACTTG6 

1888 1898 1908 1918 iQ5a 

TAa&TG&CCT G&GTAGTT6T TG6TCTCTAG CAAGCTSAGT TTGGATCTCT 

1938 1948 1958 1968 197a 

GTAGCATAA6 GTCTG6TAAC TGCASAAACA TAACCGTGAA GCTCTTCCTA 

1988 1998 2008 2018 sn^a 

CCCTCCTCCC CCAAAAACCC ACCAAAATTA GTTTTAGCTG TACATCAAGC 

2038 2048 2058 2068 ■>nna 

lATTTCGGGT GTTTGTTAGT AAATAG66AA AATAATCTCA AAG6AGTTAA 

2088 2098 2108 2118 -jioo 

AT6TATTCTT GGCTAAAGGA TCAGCTGGTT CaGOaCTGTC TATCaAAGGT 

.^.n«i«^«^! 2158 2168 2178 

AGMTTTACA 6AGAAC3MSAA ATC6666AA6 TGGGGGG&AC GOCTCTCTTC 

AGTTCATTM OSuJ^^ CaOGAclcAC A6CCCAGGTC ACAGCCMG6 

CTCCAC^ cgccct^Itc tcagtcaI^ CTGTTGI^ TTCGTGCTM 

. „,„ 2298 2308 2318 2328 

A6TTTT6TT6 6TGTGAAAAT ACACEEATTT CftGCCAAAAC ATACCATTTC 

2338 2348 2358 2368 i-»-ia 

TACACCTCAA TCCTCCSmB; 6CTGTACTCT TTGCOSVGTAC 

2388 2398 24O8 2418 

CTGATTACAC T6AGGT6AG6 CTACaAGCGG TGTCTAACCG TGTAACACGT 

2438 2448 2458 2468 -jatp 

GAA66CA6TG CTCACCTCTT CTTTACC&GA ACGGTTCTTT GACCAgIacA 
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(page 6 of 6) 

2488 2498 2508 2518 2528 

TTAACTTCTG GACTGCCGGC TCTAGTACCT TTTCAGTAAA GTGGTTCTCT 

2538 2548 2558 2568 2578 

GCCTTTTTAC TATACAGCaiT ACCACGCCAC AGGGTTA6AA CCAACGAAGA 

2588 2598 2608 2618 2628 

AAATAAAATG AGGGTGCCCA GCTTATAAGA ATGGTGTTAG GGGGATGA6C 

2638 2648 2658 2668 2678 

ATGCTGTTOIA T6AAC3GGAAA TCATGATTTC CCTGTAGAAA GTGAG6CTCA 

2688 2698 2708 2718 2728 

6ATTAAATTT TAGAAiTATTT TCTAAATCTC TTTTTCAC3UI TCATGOKSACT 

2738 2748 2758 2768 2778 

6GGAAGGCAA TTTCATACTA AACTGATTAA ATAATACATT TATAATCTAC 

2788 2798 2808 2818 2828 

AACTGTTTGC ACTTACAGCT TTTTTTGTAA ATAOIAAACTA TAATTTATTG 

2838 2848 2858 2868 2878 

TCmTTTTM ATCT6TTTT6 CTGT6GCGTT 6GGGGGGG6G CCGGGCTTTT 

2888 2898 2908 2918 

GG6G6666G6 6TTT6CTTGG GGGGTGTC6T 6GT6TGGGCG GGCG6 
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Comparision of the sequence of mxirine Vgr-1 [Lyons, 
et al., £^ 186:4554 (1989)] to human BMP-6 reveals 
a degree of amino acid sequence identity greater 
5 than 92% The murine Vgr-1 is likely the murine 

homologue of BBIP-6. Human BMP-6 shares homology 
with other BMP molecules as well as other members 
of the TGP-^ superfamily of molecules. The 
cysteine-rich carboxy- terminal 102 amino acid 
10 residues of human BMP-6 shares the following 

homologies with BMP proteins disclosed herein and 
in Publications WO 88/00205 and WO 89/10409: 61% 
identity with BMP-2; 44% identity with bmp-3, 60% 
identity with BMP-4; 91% identity with BMP.5; and 
15 87% identity with BMP-7. Human BMP-6 further 

shares the following homologies: 41% identity with 
TGF-^3; 39% identity with TGF-/J2; 37% identity with 
TGF-/^i; 26% identity with Mullerian Inhibiting 
substance (MIS), a testicular glycoprotein that 
causes regression of the Mullerian duct during 
development of the male embryo; 25% identity with 
inhibin o; 43% identity with inhibin fi^f 49% 
identity with inhibin fij^j 58% identity with Vgi, a 
Xenopus factor irtiich may be involved in mesoderm 
induction in early embryogenesis (Weeks and Melton, 
(1987) Sufira]; and 59% identity with Dpp the 
product of the Drosophila decapentaplegic locus 
which is required for dorsal-ventral specification 
in early embryogenesis and is involved in various 
other developmental processes at later stages of 
development [Padgett, et al., (1987) sunra ], 

D. Human BMP-7 ProtAiin? 

The other four clones of Example V.C, above 
35 which appear to represent a second class of clones 
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encode a novel polypeptide which we designate as 
BHP-7. One of these clones, 172 -5, was deposited 
with the ATCC on June 22, 1989 und r accession 
nuaiber ATCC 68020 under the provisions of the 
Budapest Treaty. This clone was deterained not to 
contain the entire coding sequence for BMP-7. An 
oligo of the squence GCGAGCAATGGAGGATCCAG (designed 
on the basis of the 3* noncoding sequence of U2-5) 
was used to make a primer-extended cDNA library 
from 0-2 OS mRNA (Toole, et al.). 500,000 
recombinants of this library were screened with the 
loigonucleotide GATCTC6C6CT6CAT (designed on the 
basis of the BHP-7 coding sequence) by 
hybridization in SHB at 42° and washing in 5X SSC, 
0.1% SDS at 42<^. Several hybridizing clones were 
obtained. DNA sequence analysis and derived amino 
acid sequence of one of these clones, PEH7-9, is 
given in Table V. PEH7-9 was deposited with the 
American Type Culture Collection (ATCC) , Roclcville, 
Maryland on November 17, 1989 under accession 
number ATCC 68182 under the provisions of the 
Budapest Treaty. PEH7-9 contains an insert of 1448 
base pairs. This clone, PEH7-9, is expected to 
contain all of the nucleotide sequence necessary to 
encode BMP-7 proteins. The cDNA sequence of Table 
V contains an open reading frame of 1292 base 
pairs, encoding a protein of 431 amino acids, 
preceded by a 5' untranslated region of 96 base 
pairs with stop codons in all frames, and contains 
a 3» untrsmslated region of 60 base pairs following 
the in frame stop codon TAG. 

This protein of 431 amino acids has a 
molecular weight of 49,000 daltons as predicted by 
its amino acid sequence and is contemplated to 
represent the primary translation product. Based 
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n knowledge of other BMP proteins as well as other 
proteins within the TGF-^ family, it is predicted 
that the precursor polypeptide would be cleaved 
between amino acid #299 and #300, yielding a 132 
amino acid mature peptide. 

It is contea^jlated that processing of BMP-7 to 
the mature form involves dimeriaation of th 
proprotein and removal of the N-terminal region in 
a manner analogous to the processing of the related 
protein TGF-B [L.E. Gentry, et al., (1988) Suora 
and; R. Demyck, et al., (1985) Supsa]. It is 
comtemplated therefore that the mature active 
species of bmp-7 comprises a homodimer of 2 
polypeptide subunits each subunit cmprising amino 
acid #300 - #431 as shown in Table v with a 
calculated weight of 15,000 daltons. other active 
BMP-7 species are conten^lated, for exaii5)le, 
protein dimers or proprotein subunits linked to 
mature subunits. Additional active species may 
con^rise amino acids #309 - #431 of Table v such 
species including the tryptic sequences found in 
the purified bovine material. Also contemplated 
are BMP-7 proteins coa^rising amino acids #330- 
#431 thereby including the first conserved cysteine 
residue. 

The underlined sequence of Table V from amino 
acid #309 - #314 Asn-Gln-Glu-Ala-Leu-Arg is the 
same sequence as that of tryptic fragment #5 found 
in the 28,000 - 30,ooo dalton purified bone 
preparation as described in the "BMP" Publications 
WO 88/00205 and WO 89/10409 mentioned above. The 
underlined sequence of Table V from amino acid 
#333-#339 His-Glu-Leu-Tyr-Val-Ser-Phe corresponds 
to the tryptic fragment identified in the bovine 
bone preparation described above from which the 



wo 90/11366 PCr/liS90/01630 

64 

Oligonucleotide probes are designed. 
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TaBLE V 



10 20 30 40 50 

GTCaoOGAGC QOaQOSGAOS QOOSCnGCX: CXXTCPQCXa frynaai^y yy? 

60 70 80 90 99 

TGCGGGCCCG CaGCXXXSGftG OCXX39SCaQC GOSEftGRGOC QQOQOS MG 

108 117 126 135 144 

CACCTGOSCTCS^CTOOGAGCrGOSOTOCBC^ 
HisValitogrSerlmArgiOaiaaiaaltoHisSeraeValMA 

153 162 171 180 189 

CrCTOGGC3^CXXaX3TrCCTCC!IGOa:TOCGCCC^ 

I«Ti3>JUaProifiutteIfiulmArgSerAlaIfiujaaA^E^ 
^® 207 216 225 234 

AQCTO<Mi»c<MGrocacTOi^Ticim:c3^ 
SerlfiuA^JtocauValHisSerSerlheileHisArgArgljai 

243 252 261 270 279 

OGCAGC^®GCX»OSG<aefflGCaBCBC^ 
ArgSercanGluArgArgGtaMEPGtoitegGtanelmsi^ 

288 297 306 315 304 

CT3TOTOsacEcaccxx:cxECtta3scaccTCav^ 

IfiuGlylfiUEcoHisaEgltoAtgEcoHlflUMGto^^mB 
''■'^ 342 351 360 369 

378 387 396 405 aia 

V&l cau can Gly (ay GOly Ito <ay <ay On ay ae Ser Tyr S 
^ 423 432 441 450 459 

a;yr iOa H» Ser Olir can ay Pco to Stt S 

468 477 486 495 504 

^GaTAQccaTTiccicjurGftcraacAro 
canA^SerHislhBlfiumirJ^AlaA^METValMEPto 

513 522 531 540 549 

ValAsnIfiuAfel<anHisAspiysGluH3eaeHlsltoiti^a5^ 
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Table V 
(page 2 of 3) 



558 567 576 585 594 

CN2 car OaA. G&G TTC OQG TEE GAT CTT TOC A&G AIC OCA GfiA GOG 
His His Arg dsi Ibe Axg Ibe Asp Lefu Ser Xys lie Pro Glu Gly 

603 612 621 630 639 

GCT GTC GCA GOC G&& TIC OGG ATC TAC AAG G3^ TAC ATC 
Glu Ala Otar Ala Ala Glu Xfae Azg He Tyr lys Asp Tyr lie 

648 657 666 675 684 

OGG GAA CGC TTC <aC AM? GAG AOS TDC OSG ATC AGO GTE OftT CaG 
Axg GSLu Arg Hie A^ Asn Glu OSxr: ibe Arg He Ser Val Tyr GUn 

693 702 711 720 729 

6ZG CDC CSG GAG CAC OTO GGC AG6 GAA TC3G GAT GTC TTC CIG CTC 
Val Leu Gin Glu His Leu Gly Arg Glu Ser Asp leu Phe Lsu Leu 

738 747 756 765 774 

GAC AGO OSS AOC GTC TOG GOC TOS GAG GAG GGC TOG CDS GIIG TIT 
Asp Ser Arg Itar Leu Tcp Ala Ser Glu Glu Gly Trp Leu Val Ifae 

783 792 801 810 819 

GAC ATC ACA GOC AOC AGC AAC CAC TOG GEG GTC AAT COG OQG CAC 
Asp ne Ohr Ala OSir Ser Asn His Trp Val Val Asn Vro Arg His 

828 837 846 855 864 

AAC CT5 GOC CDS CAG CDC TOG GT5 GAG AOG CDG GZ^ GOG CAG AGC 
Asn Lea GLy Leu Gin Leu Ser Val <Stu Utar Leu Asp Gly GHxi Ser 

873 882 891 900 909 

ATC AAC OCC AAG TDG GOG GGC CTG AIT GGG CGG CAC GGG OOC G&G 
ne Asn Pro lys Leu Ala GLy Leu He Gly Arg Bis dy Pro Gin 

918 927 936 945 954 

AAC AAG CAG OOC TDC ATG GTG GCT TTC TTC AAG GOC AO? GAG GEC 
Asn lys G3n Pro Ibe MET Vfed Ala Ibe Ibe Ala Obr Ga.u Val 

963 972 981 990 999 

CAC TDC OGC AGC A!DC OSS TCC AOG GGG AGC AAA CAG OOC AGC CAG 
His ibe Axg Ser He Axg Ser Obr GLy Ser Iiys Gin Arg Ser GOn 

(300) 

1008 1017 1026 1035 1044 

AAC OGC TOC AAG AOG OOC AAG AAC (AG GAA GOC CDS OGG ATG GOC 
Asn Axg Ser I»B Pro IwB Asn gin filii AlA T«i 

(309) 

1053 1062 1071 1080 1089 

AAC GTG GCA GAG AAC AGC AGC AGC GftC CAG AGG CftG GOC TST AAG 
Asn Val Ala Glu Asn Ser Ser Ser Asp can Arg Gin Ala Cys 

(330) 
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1098 1107 1116 1125 1134 

MG CaCGftGCIGlOTGrcAGCTTCCXaGACCroGGClXS^ 
^ ms gitt Tyr Va], Arg Asp Leu dy Ttp On Asp 

1143 1152 1161 1170 1179 

OX^MCAICQCfiCXnJGftAQQCTaCGCCQaCTZ^TACaCT 

Trp ne ne Ala Kro eiu Gly 0^ iOa Ala Tyr T^r cys Glu cay 

USB 1197 1206 1215 1224 

^ax3rGcrTrccCTCT3Aacixxm:ATCAacGOCAccM 
Gluc^AlalheProifiuAsnSeravrMETAsnAlaateAsiiHis 

1233 1242 1251 1260 1269 

OTMCCTSCaGAOSCTOGTCCaCTrcATCAft^ 
AlaneValGlntelfiuv&lHisaelleAsnltolleServS 

1278 1287 1296 1305 1314 

OTCAftGraaxscoCTcxGocxrArocascTCA^ 
Enaljs^ProC^CVsAlaEroahrGlnlieuAsnAlaneto 

1323 1332 1341 1350- 1359 

CTCECTOGaTQ^AGCaxrAACCTOATCaGAa^ 
ifiuOS^HieA^AfipSerSerAsaVainelfiula^Ia^aj^rtog 

1368 1377 1386 1399 

AacAroGasGroaQGQocusrQQCTQccac TftGcrccroc 
Asn mr Val Ttel Arg Ala Qys Gly <^ His 

1409 1419 1429 ^^"^^1439 1448 

GfttaaoncaG A on ' n uj tf Gocaagrm tctogkeoct ocamGcac 
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Like HHP-5 and BHP-6, human BMP-7 shares 
haa&ology with other BMP molecules as well as other 
members of the TGF-^ superfamily of molecules. The 
cysteine-rich carboacy-terminal 102 amino acids 
residues of human BMP-7 shares the following 
homologies with BMP proteins herein and in 
Publications WO 88/00205 and WO 89/10409 described 
above: 60% identity with BMP-2; 43% identity with 
BMP-3, 58% identity with BMP-4, 87% identity with 
BMP-6; and 88% identity with BMP-5. Human BMP-7 
further shares the following homologies: 40% 
identity with 'SGF-fiZ; 40% identity with TGP-^2; 36% 
identity with TGP-^i; 29% identity with Miillerian 
Inhibiting Substance (MIS) , a testicular 
glycoprotein that causes regression of the 
Mullerian duct during development of the male 
embryo; 25% identity with inhibin-a; 44% identity 
with inhibln-^B; 45% identity with ihhibin-^j^; 57% 
identity with Vgl, a Xenopus factor which may be 
involved in mesoderm induction in early 
embryogenesis [Weeks adn Melton, (1987) Suora. 1 g 
and 58% identity with Dpp the product of the 
Drosophila decapentaplegic locus which is required 
for dorsal-ventral specification in early 
embryogenesis and is involved in various other 
developmental processes at later stages of 
development [Padgett, et al., (1987) srora.-j . 

The invention encompasses the genomic 
sequences of BMP-5, BMP-6 and BMP-7. To obtain 
these sequences the cDNA sequences described herein 
are utilized as probes to screen genomic libraries 
using techniques Joiown to those slcilled in the art. 

The procedures described above and additional 
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methods known to those skilled in the art may be 
employed to isolate other related proteins of 
interest by utilizing the bovine or hxman proteins 
as a probe source. such other proteins may find 
similar utility in, inter alia, fracture repair, 
wound healing and tissue repair, 

EXAMPLE VI 

Expression of BMP Virr^Mr.^ 

In order to produce bovine, human or other 
mammalian BMP-5, BMP-6 or BMP-7 proteins of the 
invention, the DNA encoding it is transfected into 
an appropriate expression vector and introduced 
into mammalian cells or other preferred eukaryotic 
or prokaryotic hosts by conventional genetic 
engineering techniques. it is contemplated that 
the preferred expression system for biologically 
active recombinant human proteins of the invention 
will be stably transformed mammalian cells. For 
transient expression, the cell line of choice is 
SV40 transformed African green monkey kidney cos-i 
or COS-7 which typically produce moderate amounts 
of the protein encoded within the plasmid for a 
period of 1-4 days. Por stable high level 
e3^ression of BMP-5, BMP-e or HMP-7 the preferred 
cell line is cinese hamster Ovary (CHO) . it is 
therefore contemplated that the preferred mammalian 
cells will be CHO cells. 

The transformed host cells are cultured and 
the BMP proteins of the invention expressed thereby 
are recovered, isolated and purified, 
caiaracterization of expressed proteins is carried 
out using standard techiques. For example, 
characterization may include pulse labeling with 
[^fiS] methionine or cysteine and analysis by 
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polyacrylamide electrphoresis • The recombinantly 
eaqpressed BMP proteins are free of protelnaceous 
loaterlals with which they are co-produced and with 
which they ordinarily are associated in nature, as 
well as from other contaminants, such as materials 
found in the culture media. 

A. Vector Construction 

As described above, numerous expression 
vectors laiam in the art may be utilized in the 
expression of BMP proteins of the invention. The 
vector utilized in the following examples is p«lT21, 
a derivitive of pl!T2, though other vectors may be 
suitable in practice of the invention. 

PMT2 is derived from pMT2-V?7F, which has been 
deposited with the Americem Type Culture Collection 
(ATCC) , RocJcville, MD (USA) under accession number 
ATCC 67122 under the provisions of the Budapest 
Treaty. EcdRI digestion excises the CDKA insert 
present in pMT-VWP, yielding pi!T2 in linear form 
which can be ligated and used to transform S^. Coli 
HB 101 or DH-5 to an^icillin resistance. Plasmid 
plIT2 DNA can be prepared by conventional methods. 

PMT21 is then constructed using loopout/in 
mutagenesis [Morinaga, et al.. Biotechnology 84:636 
(1984)]. This removes bases 1075 to 1170 
(inclusive) . In addition it inserts the following 
sequence; 5* TOGA 3'. This sequence coiBpletes a 
new restriction site, XhoX. This plasmid now 
contains 3 unique cloning sites PstI, ScoRI, and 
Xhol. 

In addition, pMT21 is digested with EcoRV and 
Xhol, treating the digested DNA with KLenow 
fragment of polymerase X and ligatdLng Clal 

linkers (NEBio Labs, CATCGATG) * This removes bases 
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2171 to 2420 starting from the Hindlll site near 
tHe SV40 origin of replication and enhancer 
sequences of j>MT2 and introduces a unique Cla I 
site, but leaves the adenovirus VAX gene intact. 

B. gMP-5 Vector Consily^^f1^A,^r^ 

A derivative of the aiP-5 cDNA sequence set 
forth in Table III coaqarising the the nucleotide 
sequence from nucleotide #699 to #2070 is 
specifically amplified. The oligonucleotides 
CGACCTGCAGCCACCATGCATCTGACTGTA and 
TGCCTGCAGTTTAATATTA6TGGCAGC are utilized as primers 
to allow the amplification of nucleotide sequence 
#699 to #2070 of Table 111 from the insert of clone 
U2-16 described above in Exan^le v. This procedure 
introduces the nucleotide sequence CGACCTGCAGCCACC 
immediately preceeding nucleotide #699 and the 
nucleotide sequence CTGCAGGCA immediately following 
nucleotide #2070. The addition of these sequences 
results in the creation of Psti restriction 
endonuclease recognition sites at both ends of the 
amplified DHA fragment. The resulting amplified 
DNA product of this procedure is digested with the 
restriction endonuclease PstI and subcloned into 
the PstI site Of the pMT2 derivative pMT21 
described above. The resulting clone is designated 
H5/5/PMT. 

The insert of H5/5/pMT is excised by PstI 
digestion and subcloned into the plasmid vector 
PSP65 at the PstI site resulting in BMP5/SP6. 
BMP5/SP6 and U2-16 are digested with the 
restriction endonucleases Nsil and Ndel to excise 
the portion of their inserts corresponding to 
nucleotides #704 to #1876 of Table III. The 
resulting 1173 nucleotide Nsii-Ndei fragment of 



72 



clone U2-16 is ligated into the Nsil-Ndel site of 
BMP5/SP6 from which the corresponding 1173 
nucleotide Nsil-Ndel fragment had been removed. 
Xhe resulting clone is designated BHP5mix/SP64 • . 

Direct DMA sequence aneQysis of BHP5mix/SP64 
is performed to confirm identity of the nucleotide 
sequences produced by the amplification to those 
set forth in Table III. The clone BMP5iaix/SP64 is 
digested with the restriction endonuclease Psti 
resulting in the excision of an insert comprising 
the nucleotides #699 to #2070 of Table IZI and the 
additional sequences containing the PstI 
recognition sites as described above* The 
resulting 1382 nucleotide PstI fragment is 
subcloned into the PstI site of the pMT2 derivative 
pllT21. This clone is designated BMP5mix/pMT21#2. 

C. BMP>6 Vector ConstrugtioTi 

A derivative of the BHP-6 cDKA sequence set 
forth in Table IV conqprising the nucleotide 
sequence from nucleotide #160 to #1706 is produced 
by a series of techniques known to those skilled in 
the curt. The clone HMP6C35 described above in 
Example V is digested with the restriction 
endonucleases ApaX and Taql, resulting in the 
excision of a 1476 nucleotide portion of the insert 
comprising nucleotide #231 to #1703 of the sequence 
set forth in Table IV. Synthetic olignudoetides 
with SalT restriction endonuclease site converters 
are designed to replace those nucleotides 
coirresponding to #160 to #230 and #1704 to #1706 
which are not contained in the 1476 Apal-TaqI 
fragment of the BMP-6 cDNA sequence. 
Oligonucleotide/Sall converters conceived to 
replace the missing 5' 
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(TCGACCCACCATGCCGGGGCTGG6GC3GGAGGGCGCAGTGGCT6TG 
CTGGTGGT GGGGGCTGT6CTGCA6CT6CTGC66GCC and 
CGCA6CAGCT6CACAGCAGCCCCCACCACCAGCACAGCCACTGCGCC 
CTCCGCCCCAG CCCCGGCATGGTGGG) and 3» (TCGACTGGTTT 
and CGAAACCA6) sequences are annealed to each other 
independently. The annealed 5' and 3» converters 
are then ligated to the 1476 nucleotide Apal-Tagi 
described above, creating a 1563 nucleotide 
fragment comprising the nucleotide sequence from 
#160 to #1706 of Table IV and the additional 
sequences contrived to create Sail restriction 
endonuclease sites at both ends- The resulting 
1563 nucleotide fragment is subcloned into the Sail 
site of PSP64. This clone is designated 
BMP6/SP64#15. 

DNA sequence analysis of BMP6/SP64#15 is 
performed to confirm identity of the 5« and 3" 
sequences replaced by the converters to the 
sequence set forth in Table IV. The insert of 
BMP6/SP64#15 is excised by digestion with the 
restriction endonuclease Sail- The restating 1563 
nucleotide Sail fragment is subcloned into the xhol 
restriction endonuclease site of the pMT2 
derivative pMT21 and designated herein as 
BMP6/ia!T21. 

D. BMP--7 Vector ConstTnir^^on 

A derivative of the BMP-7 sequence set forth 
in Table V comprising the nucleotide sequence from 
nucleotide #97 to #1402 is specifically aa^lified. 
The oligonucleotides CA66TCGACCCACCAT6CACGTGCGCTCA 
and TCTGTCGACCTCGGA6GA6CTAGTGGC are utilized as 
primers to allow the an^lification of nucleotide 
sequence #97 to #1402 of Table V from the insert of 
clone PEH7-9 described above. This procedure 
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generates the insertion of the nucleotide sequence 
CAG6TCGACCCACC isonediately preceeding nucleotide 
#97 and the insertion of the nucleotide sequence 
GTCGACAG21 immediately following nucleotide #1402. 
The addition of these sequences results in the 
creation of a Sail restriction endonudease 
recognition site at each end of the aa^lified DNA 
fragment. The resulting amplified DNA product of 
this procedure is digested with the restriction 
endonudease Sail and subcloned into the Sail site 
of the plasmid vector pSP64 resulting in 
BHP7/SP6#2. 

The clones BMP7/SP6#2 and FEH7-9 are digested 
with the restriction endonucleases Ncol And StuI to 
excise the portion of their inserts corresponding 
to nucleotides #363 to #1081 of Table V. The 
resulting 719 nucleotide NcoI-StuI fragment of 
clone SEH7-9 is ligated into the NcoX-StuX site of 
HMP7/SP6#2 from which the corresponding 719 
nucleotide fragment is removed* Ttta resulting 
clone is designated BHP7mix/SP6« 

Direct DHA sequence analysis of BMP7miVSP6 
confirmed identity of the 3» region to the 
nucleotide sequence from #1082 to #1402 of Table V, 
however the 5' region contained one nucleotide 
misincorporation. 

Aaqplification of the nucleotide sequence (#97 
to #1402 of Table V) utilizing PEH7-9 as a teB5>late 
is repeated as described above. The resulting 
aa^lif ied DMA product of this procedure is digested 
with the restriction endonucleases Sail £md Pstl. 
This digestion results in the excision of a 747 
nucleotide fragment con^rising nucleotide #97 to 
#833 of Table V plus the additional sequences of 
the 5^ priming oligonucleotide used to create the 



75 

Sail restriction endonuclease recognition site 
described earlier. This 747 Sall-PstI fragment is 
subcloned into a Sall-PstI digested pSP65 vector 
resulting in 5'BMP7/SP65. DNA sequence analysis 
demonstrates that the insert of the 5'BMP7/SP65#1 
con^rises a sequence identical to nucleotide #97 to 
#362 of Table V. 

The clones BMP7mix/SP6 and 5«BMP7/SP65 are 
digested with the restriction endonucleases Sail 
and Ncol. The resulting 3" Ncol-Sall fragment of 
BMP7mix/SP6 comprising nucleotides #363 to #1402 of 
Table V and 5' Sall-Ncol fragment of 5«BMP7/SP65 
comprising nucleotides #97 to #362 of Table v are 
ligated together at the Ncol restriction sites to 
produce a 1317 nucleotide fragment comprising 
nucleotides #97 to #1402 of Table V plus the 
additional sequences derived from the 5» and 3* 
oligonucleotide primers which allows the creation 
of sail restriction sites at both ends of this 
fragment. This 1317 nucleotide Sail fragment is 
ligated into the Sail site of the pMT2 derivative 
pMT2Cla-2. This clone is designated BMP7/pMT2. 

The insert of BMP7/pMT2 is excised by 
digestion with the restriction endonuclease Sail. 
The resulting 1317 nucleotide Sail fragment is 
subcloned into the Sail restriction site of the 
vector PSP64. This clone is designated 
BMP7/SP64#2d. The insert of BMP7/SP64#2d is 
excised by digestion with Sail and the resulting 
Sail fragment comprising nucleotides #97 to #1402 
of Table v is subcloned into the Xhol restriction 
endonuclease site of the pixr2 derivative pMT21 
described above. 
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Transient COS Cell Expression 

To obtain transient expression of BHP- 
6, and BMP-7 proteins one of the vectors containing 
the cDNA for BMP-5, BMP-6 or BMP-7, 
BMP5mix/pMT21#2, BMP6/pMT21#2, or BMP7/pMT21 
respectively, are transfected into C0S~1 cells 
using the electroporation method. Other suiteible 
transfection methods include DEAE-dextrem, and 
lipofection. Approximately 48 hours later, cells 
are analysed for expression of both intracellular 
and secreted BHP-5, BHP-6 or BHP-7 protein by 
metabolic labelling with [^^S] methionine and 
polyacrylamide gel electrophoresis. Intracellular 
BMP is analyzed in cells which are treated with 
tunicamycin, an inhibitor of N-linked 
glycosylation. In tunicamycin-treated cells, the 
nonglycosylated primary translation product 
migrates as a homogeneous band of predictable size 
and is often easier to discern in polyacrylamide 
gels than the glycosylated form of the protein. In 
each case, intracelluar protein in tunicamycin- 
treated cells is compared to a duplicate plate of 
transfected, but untreated COS-1 cells. 

A. BMP-5 COS Expression 

The results demonstrate that intracellular 
forms of BNP-5 of approximately 52 Kd and 57 Kd are 
made by COS cells. The 52 Kd protein is the size 
predicted by the primary sequence of the the BHP-5 
cDNA clone. Following treatment of the cells with 
tunicamycin, only the 52 Kd form of BMP-5 is made, 
suggesting that the 57 Kd protein is a glycosylated 
derivative of the 52 Kd primary translation 
product. The 57 Kd protein is secreted into the 
conditioned medium and is apparently not 
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efficiently processed by OOS-1 cells into the pro 
and xAature peptides. 

B. BMP-6 COS Expression 

Intracellular BMP-6 exists as a doublet of 
approximately 61 Kd and 65 Kd in untreated COS-1 
cells. In the presence of tunicamycin, only the 61 
M protein is observed, indicating that the 65 Kd 
protein is the glycosylated derivative of the 61 Kd 
primary translation product. This is similar to 
the molecular weight predicted by the cDNA clone 
for BMP-'e. In the absence of tunicamycin, the 
predominant protein secreted from COS-1 cells is 
the 65 Kd glycosylated, unprocessed clipped form of 
BMP-6. oaiere are also peptides of 46 Kd and 20 Kd 
present at lower abundance than the 65 Kd that 
likely represent the processed pro and mature 
peptides, respectively. 

C. BMP-7 cos Expresa1 .9 p 

Intracellular BMP-7 protein in tunicamycin- 
treated COS-1 cells is detected as a doublet of 44 
Kd and 46 Kd. m the absence of tunicamycin, 
proteins of 46 Kd and perhaps 48 Kd are 
synthesized. These likely r^resent glycosylated 
derivatives of the HMP-7 primary translation 
products. The 48 Kd protein is the major BMP 
species secreted from COS-i cells, again suggesting 
inefficient cleavage of BMP-7 at the propeptide 
dibasic cleavage site. 

Example VIII 

CHO Cell ExpyessioTi 

DHFR deficient CHO cells (DDKX 311) are 
transfected by electroporation with one of the BMP- 
5, BMP-6 or HMP-7 expression vectors described 
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above, and selecrted for expression of DBFR by 
growth in nucleoside-free media* Other methods of 
transf action, including but not limited to CaP04 
precipitation, protoplast fusion, microinjection, 
and lipofection, may also be employed- In order to 
obtain higher levels of expression more 
expediently, cells may be selected in nucleoside- 
free media supplemented with 5 nM, 20 nM or 100 nM 
MTX. Since the DHFR selectable marker is 
physically linked to the BMP cDNA as the second 
gene of a bicistronic coding region, cells which 
escpress DHFR should also express the HHP encoded 
within the upstream cistron. Either single 
clones, or pools of coxnbined clones, are exi^emded 
and analyzed for expression of BMP protein- Cells 
are selected in stepwise increasing concentrations 
of MTX (5 nM, 20 nM, 100 IIM, 500 nM, 2 UM, 10 uM, 
and 100 UM) in order to obtain cell lines which 
contain multiple copies of the eacpression vector 
DMA by virtue of gene anipllfication, and hence 
secrete large amounts of BMP protein. 

Using standard techniques cell lines are 
screened for expression of BMP RNA, protein or 
activity, and high ea^ressing cell lines are cloned 
or redoned at the appropriate level of selection 
to obtain a more homogeneous population of cells. 
The resultant cell line is then further 
characterized for BMP DNA sequences, and ea^ression 
of BMP KNA and protein. Suitable cell lines can 
then be used for producing recombinant BMP protein. 

A. CHO Expression of BMP-«^ 

The BMP-5 vector BMP5mix/pMT21#2 described 
above is transfected into CHO cells by 
electroporation, and cells are selected for 
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expression of dhfr. clonal cell li^s are 
Obtained from individual colonies selected stepwise 
for resistence to MIX, and analyzed for secretion 
Of BMP-5 proteins, m some cases cell lines may be 
■aintained as pools and cloned at later stages of 
MX selection. 

As described in Example V.B. the cDNA for BMP- 
5 encodes for a protein of approximately 52 Kd 
Following processing within the cell that includes 
but may not be llinlted to, propeptide cleavage,' 
glycosylation, and dliaer or muitimer fonnation 
mltiple BMP-5 peptides are produced. niere are 
at least 4 candidate peptides for processed torma 
of the BMP-5 protein discemable following SDS PAGE 
under reducing conditions; a 65 Kd peptide, a 35 Kd 
peptide, and a doublet of approximately 22 Kd 
molecular weight. other less abundant BMP-5 
peptides may also be present. By comparison to the 
processing of other related BMP molecules and the 
related protein TGP-beta, the 65 Kd protein likely 
represents unprocessed BMP-5, the 35 Kd species 
represents the propeptide, and the 22 Kd doublet 
r^reents the nature peptide. 

"^^^ • BMP-5 cell line is analyzed in 

a 2-dl«.nsional gel system. m the first 
dimension, proteins are electrophoresed under 
nonreducing conditions. The material is then 
reduced, and electrophoresed in a second 
polyacrylamide gel. Proteins that form disulfide- 
boaded dimers or multlmers will run below a 
aiagonal across the second reduced gel. Results 
from analysis of BMP-S protein indicates that a 
significant amount of the mature BMP-S peptides can 
form homodimers of approximately 30-35 Kd that 
reduce to the 22 Kd doublet observed in one 
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dimensional reduced gels. A fraction of the mature 
peptides are apparently in a disiafide-bonded 
coB?>lex with the pro peptide. The amount of this 
complex is minor relative to the mature homodimer. 
In addition, some of the unprocessed protein can 
apparantly form homodimers or homomtatimers. 

B. CHO Emre ssion of BMP-fi 

The BMP-6 expression vector BMP6/pMT21 
described above is transfered into CHO cells and 
selected for stea>le transformants . via DHFR 
eacpression in a manner as described above in part A 
with relation to BMP-5. The mature active species 
of BMP-6 is contemplated to comprise amino acid 
#382 - #513 of Table IV. It is contemplated that 
secreted BMP-6 protein will be processed in a 
manner similar to that described above for BMP-5, 
other related BMP molecules and analogous to the 
processing of the related protein TCT-^ [Gentry, et 
al.; Demyck, et al., Suora.-j , 

C- CHO Expr ession of 

The BMP-7 expression vector BMP7/pMT21 
described above is transfected into CHO cells and 
selected for stable transformants via DHFR 
eacpression in a manner as descrilaed above in 
relation to BMP-5. The mature active species of 
BMP-7 is conten^ilated to comprise amino acid #300- 
#431 of Table V. It is contea^lated that secreted 
BMP-7 protein will processed in a manner similar to 
that described above for BMP-5, other related BMP 
molecules and analogous to the processing of the 
related protein TGP-fi [Gentry, et al.; Demyck, et 
al., Smm^]. 
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EXAMPLE IX 

BiQ^oqicaX Activity of Rvp^ a ssed mm* T>y .4.^^^^ 

To measure the biological activity of the 
expressed BMP-5, BMP-6 and BMP-7 proteins Obtained 
in Example VII and VIII above, the BMP proteins are 
recovered trom the culture media and purified by 
isolating the BMP proteins from other 
proteinaceous materials with which they are co- 
prodnced, as well as from other contaminants, oihe 
proteins may be partially purified on a Heparin 
Sepharose column and further purified using 
standard purification techniques known to those 
skilled in the art. 

For instance, post transfectlon conditioned 
medium supernatant collected from the cultures is 
concentrated approximately lo fold by 
Ultrafiltration on a YM 10 membrane and then 
dialyzed against 20mH Tris, 0.15 M HaCl, pH 7.4 
(starting buffer). This material is then applied 
to a Heparin Sepharose column in starting buffer, 
tmbound proteins are removed by a wash of starting 
buffer, and bound proteins, including proteins of 
the Invention, are desorbed by a wash of 20 mH 
Tris, 2.0 H HaCl, pH 7.4. The proteins bound by 
the Heparin column are concentrated approximately 
10-fold on, for example, a Centricon lo and the 
salt reduced by diafiltration with, for example 
0.1% trifluoroacetic acid. The appropriate amount 
of the resultant solution is mixed with 20 mg of 
rat matrix and then assayed for in xiSQ bone and/or 
cartilage formation activity by the Rosen- 
nodified sampath - Reddi assay. a mock 
transfectlon supernatant fractionation is used as a 
control. 

Further purification may be achieved by 
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prepajrative NaDodS04/PAGE [laeaBnali, Nature 227: 680- 
685 (1970)]. for instance, approximately 300 of 
protein is applied to a 1.5-inm-thick 12.5% gel: 
recovery is be estimated by adding L- 
C^Ssjmethionine-labeled BtSP protein purified over 
heparin-Sepharose as described above. Protein may- 
be visualized by copper staining of an adjacent 
lane [Lee, et al.. Anal, BiocheTn- 166:308-312 
(1987)]. Appropriate bands are excised and 
extracted in 0.1% NaDodS04/20 Tris, pH 8.0. The 
supernatant may be acidified with 10% CF3COOH to pH 
3 and the proteins are desalted on 5.0 x 0.46 cm 
Vydac C4 column (The Separations Group, Hesperia, 
CA) developed with a gradient of 0.1% CF3COOH to 
90% acetonitrile/0.1% CF3COOH. 

The implants containing rat matrix to which 
specific amounts of human BMP-5, BMP-6 or BMP-7 
proteins of the invention have been added are 
removed from rats after approximately seven days 
and processed for histological evaluation. 
Representative sections from each implant are 
stained for the presence of new bone mineral with 
von Kossa and acid fuschin, and for the presence of 
cartilage-specific matrix formation using toluidine 
blue. The types of cells present within the 
section, as well as the extent to ^ch these cells 
display jjhenotype are evaluated and scored as 
described in Example III, 

Levels of activity may also be tested for host 
cell extracts. Purification is accon^lished in a 
similar manner as described above except that 6 M 
urea is included in all the buffers. 

The foregoing descriptions detail presently 
preferred 

embodiments of the present invention. Numerous 
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modifications and variations in practice thereof 
are expected to occur to those skilled in the art 
upon consideration of these descriptions. Those 
modifications and variations are believed to be 
5 encompassed within the claims appended hereto. 
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1. A purified human BMP protein selected from the 
group consisting of: 

(a) BMP-5 cheuracterized by the amino acid 
sequence comprising amino acid #323 to 
#454 of Table III; 

(b) BMP-6 characterized by the amino acid 
sequence comprising amino acid #382 to 
#513 of Table IV; and 

(c) BMP-7 characterized by the amino acid 
sequence comprising amino acid #300 to 
#431 of Table V. 

2. A purified humsm BMP protein selected from the 
group consisting of 

(a) BMP-5 protein produced by the steps of 

(i) culturing a cell transformed with a 
DHA sequence con^rising nucleotide 
#1665 to #2060 of Table ' III or a 
sequence substantially homologous 
thereto; and 

(ii) recovering, isolating and purifiying 
from said culture medium a protein 
comprising amino acid #323 to #454 
as shown in Table XII or a sequence 
substantially homologous thereto; 

(b) BMP-6 produced by the steps of 

(i) culturing a cell transformed 
with a DNA sequence comprising 
nucleotide #1303 to #1698 of 
Table IV or a sequence 
substantially homologous 
thereto; and 

(ii) recovering, isolating and purifying 
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from said culture medium a protein 
comprising amino acid #382 to #513 
as shown in Tabl IV or a sequence 
substantially homologous thereto; 
and 

(c) BMP-7 protein produced by the steps of 

(i) culturing a cell transformed with a 
DKA sequence comprising nucleotide 
#994 to #1389 of Table V or a 
sequence substantially homologous 
thereto; and 

(ii) recovering, isolating and purifying 
from said culture medium a protein 
comprising the amino acid #300 to 
amino acid #431 as shown in Table v 
or a sequence substantially 
lionologous thereto. 

3. A purified human BMP protein selected from the 
group consisting of 

(a) HMP-5 produced by the steps of 

(i) culturing a cell transformed with a 
MIA sequence coir^rising nucleotide 
#699 to #2060 of Table in or a 
sequence substantially homologous 
thereto; and 

(ii) recovering, isolating and purifying 
from said culture medium said bmp-5 
protein; 

(b) BMP-6 produced by the steps of 

(i) culturing a cell transformed with a 
DNA sequence comprising nucleotide 
#160 to #1698 of Table IV or a 
sequence substantially homologous 
thereto; and 
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(ii) recovering, isolating and piirifying 
fron said culture medium said BHP-6 
protein; and 
(c) BHP-7 produced by the steps of 

(i) culturing a cell transformed with a 
DNA sequence comprising nucleotide 
#97 to #1389 of Table V or a 
sequence substantially homologous 
thereto; and 

(ii) recovering, isolating and piirifying 
from said culture medium said BHP-7 
protein. 

4. A purified BMP protein produced by the steps 
of: 

(a) ctilturing a cell transformed with a miA 
sequence comprising a sequence which 
hybridizes to the DNA sequence selected 
from the DMA sequences of Table ill 
comprising nucleotide #1665 - #2060, 
Table IV comprising nucleotide #1303- 
#1698 or Table V comprising nucleotide 
#994 - #1389 under stringent 
hybridization conditions; and 

(b) recovering, isolating and purifying from 
said culture medium a protein 
characterized by the ability to induce 
cartilage and/or bone formation. 

5. A protein of claim 1 further characterized by 
the ability to demonstrate the induction of 
cartilage and/or bone formation. 

6. A protein of claim 2 further dheuracterized by 
the ability to demonstrate the induction of 
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cartilage and/or bone formation. 

A protein of claim 3 further characterized by 
the ability to demonstrate the induction of 
cartilage and/or bone formation. 

A DNA sequence encoding a protein of claim 1. 

A DKA sequence encoding a BMP protein said DNA 
sequence selected from the gro\^ consisting of 

(a) a DNA sequence encoding BMP-5 comprising 
the nucleotide #1665 to #2060 of Table 
III and sequences which hybridize thereto 
under stringent hybridization conditions 
and encode a protein characterized by the 
ability to induce the formation of 
ceurtilage and/or bone; 

(b) a DNA sequence encoding BMP-6 comrising 
nucleotide #1303 - #1698 of Table IV and 
sequences which hybridize thereto under 
stringent hybridization conditions and 
encode a protein characterized by the 
ability to induce the formation of 
cartilage an^/or bone; 

(c) a DNA sequence encoding BMP-7 comprising 
nucleotide #994 - #1389 of Table V and 
sequences which hybridize thereto under 
stringent hybridization conditions and 
encode a protein characterized by the 
ability to induce the formation of 
cartilage and/or bone; 

A DNA sequence encoding a BMP protein selected 
from the group consisting of 
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(a) a DNA sequence encoding BMP-B comprising 
the nucleotide #669 to #2060 of Table III 
and sequences which hybridize thereto 
under stringent hybridization conditions 
and encode a protein characterized by the 
ability to induce the formation of 
cartilage and/or bone; 

(b) a DNA sequence encoding BMP-6 comrising 
nucleotide #160 - #1698 of Table IV and 
sequences whidh hybridize thereto under 
stringent hybridization conditions and 
encode a protein cheuracterized by the 
ability to induce the formation of 
ceurtiilage and/or bone; 

(c) a DNA sequence encoding BMP-7 comprising 
nucleotide #97 - #1389 of Table V and 
sequences which hybridize thereto under 
stringent hybridization conditions and 
encode a protein characterized by the 
ability to induce the formation of 
cartilage and/or bone; 

11. A vector comprising a DNA sequence of claim 8 
in operative association with an eacpression 
control sequence therefor. 

12. A vector coniprising a DNA sequence of claim 9 
in operative association with an expression 
contol secpience therefor. 

13. A vector comprising a DNA sequence of claim 10 
in operative association with an expression 
control sequence therefor. 

14. A host cell transformed with a vector of claim 
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15. A host cell transformed with a vector of claim 
12. 

16. A host cell transformed with a vector of claim 

13. 

17. A method for producing a purified BMP protein 
said method comprising the steps of 

(a) culturing in a suitable culture medium a 
transformed host cell of claim 14; and 

(b) recovering, isolating and purifying said 
protein tvaa said culture medium. 

18. A method for producing a purified BHP protein 
said method comprising the steps of 

(a) culturing in a suitable culture medium a 
transformed host cell of claim 15? and 

(b) recovering, isolating and purifying said 
protein from said culture medium. 

19. A method for producing a purified BHP protein 
said method con^lsing the steps of 

(a) culturing in a suitable culture medium a 
transformed host cell of claim 16; and 

(b) recovering, isolating and purifying said 
protein from said culture medium. 

20. A pharmaceutical can5)osition comprising an 
effective amount of a BMP-5, BMP-6 or BMP-7 
protein in admixture with a pharmaceutically 
acceptable vehicle. 

21. A pharmaceutical composition coxnprising an 
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effective amount of a protein of claim 1 in 
admiacture with a pharmaceutically acceptable 
vehicle. 

22. A pharmaceutical con^osition coxaprising cm 

effective amoiint of a protein of claim 2 in ' 

admixture with a pharmaceutically acceptable 

vehicle. 



23. A pharmaceutical composition comprising an 
effective amount of a protein of claim 3 in 
admiacture with a pharmaceutically acceptable 
vehicle. 

24. A composition of claim 20 further comprising a 
pharmaceuticeaiy acceptable matrix. 

25. A composition of claim 21 further comprising a 
£iharmaceuticaXXy acceptable matrix. 

26. A composition of claim 22 further coaiprising a 
phanaaceutically acceptable matrix. 

27. A composition of claim 23 further comprising a 
pharmaceutically acceptable matrix. 

28. The con^osition of claim 20 wherein said 
matrix comprises a material selected from the 
group consisting of hydroxyapatite, collagen, 
polylactic acid and tricalcium phosphate. 

29. The composition of claim 21 wherein said 
matrix conprises a material selected from the 
group consisting of hydroxyapatite, collagen, 
polylactic acid and tricalcium phosphate. 
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30. The composition of claim 22 wherein said 
matrix comprises a material selected from the 
group consisting of hydroxyapatite, collagen, 
polylactic acid and tricalcium phosphate. 

31. The coa^osition of claim 23 wherein said 
matrix coaqprises a material selected from the 
group consisting of hydroxyapatite, collagen, 
polylactic acid and tricalcium phosphate. 

32. Use of the coa^osition of claim 20 for the 
treatment of a patient in need of cartilage 
and/or bone formation. 

33. Use of the coa5)osition of claim 21 for the 
treatment of a patient in need of cartilage 
and/or bone formation. 

34. Use of the cox!5)osition of claim 22 for the 
treatment of a patient in need of cartilage 
and/or bone formation. 

35. Use of the co(B5>osltion of claim 23 for the 
treatment of a patient in need of cartilage 
and/or bone formation. 

A pharmaceutical composition for wound healing 
and tissue repair said coa^osition comprising 
an effective amount of a BMP-5, BMP-6 or BMP-7 
protein in a pharmaceutically acceptable 
vehicle. 

A pharmaceutical composition for wound healing 
and tissue repair said composition coa5>rising 
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an effective amount of the protein of claim 1 
in a pharmaceutically acceptable vehicle. 

38. A pharmadeutical coB^osition for wound healing 
and tissue repair said coxnposition coxoprising 
an effective amount of the protein of claim 2 
in a phanoaceutically acceptable vehicle. 

39. A pharmaceutical composition for wound healing 
and tissue repair said composition comprising 
an effective amount of the protein of claim 3 
in a pharmaceutically acceptable vehicle. 
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